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I GENERAL INTRODUCTION 
In periodontitis formation of pockets is observed as a result of loss of fibre 
attachment and resorption of alveolar bone An epidemiologic survey in the 
Netherlands revealed that 50 % of the population 30 years or older had perio-
dontal pockets deeper than 3,5 mm while 15 % of this age group had pockets 
deeper than 5 5 mm (Trum et al 1989) In the subgingival plaque of most 
pockets, high proportions of spirochetes, motile rods and Gram negative micro-
organisms are found (Listgarten & Helldén 1978, Slots 1979, van Palenstein 
Helderman 1981, Savitt & Socransky 1984, Loesche et al 1985) Some species, 
particularly black pigmented Bacteroides, Fusobactenum nucleatum, Elkenella 
corrodens, Actinobacillus actmomycetemcomitans, Capnocytophaga, and 
spirochetes are frequently isolated from the subgingival microflora associated 
with periodontal destruction (Savitt & Socransky 1984) It is unclear whether 
each of these species is a causative agent or a result of the inflammation (for 
review see Theilade 1986, Moore 1987, Socransky et al 1988) Not all mentioned 
bacteria are always present in each pocket For example in patients with refrac-
tory periodontitis certain combinations of subgingival microorganisms are found 
(Haffajee et al 1988) Ter Steeg et al (1987) found that a group of bacteria as a 
consortium was capable to grow on serum and to degradate selectively serum 
(glyco-) proteins amongst which immunoglobulmes and complement The idea 
that a number of different consortia of bacteria are capable of causing tissue 
destruction is gaining currency (Maiden et al 1990) Bacteria arg indicators of 
the nature of the subgingival microflora and can be used for the choice of 
treatment and to evaluate the effect of treatment Periodontal treatment is aimed 
at the elimination or gross reduction of bacteria associated with periodontitis in 
order to get a subgingival microflora consisting of mainly facultative anaerobic 
Gram positive bacteria compatible with the host 
The treatment of periodontitis consist of supragingival plaque control and 
mechanical debridement of periodontal pockets as such, or in combination with 
antimicrobial therapy Mechanical debridement of periodontal pockets can be 
performed by non-surgical and surgical techniques A non- surgical therapy of 
scaling and rootplaning with hand instruments and oral hygiene instruction 
results in reduction of pocket depths and bleeding scores and maintenance or 
gain of attachment levels (Badersten et al 1984, Lindhe & Nyman 1985, Westfeit 
et al 1985, Loos et al 1988) Similar clinical results are observed by ultrasonic 
treatment Mechanical debridement also reduces the total counts of cultivable 
microorganisms in periodontal pockets (Van Oosten et al 1987, Wennstrom et 
al 1987, Loos et al 1988) and leads to shifts in the proportions of spirochetes, 
motile rods and Gram negative microorganisms (Listgarten et al 1978, Slots et al 
1979, Mousques et al 1980, Magnusson et al 1984, van Oosten et al 1987, 
Wennstrom et al 1987, Loos et al 1988) Instrumentation of pockets requires 
considerable effort and is also time consuming The use of ultrasonic instru-
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ments was hoped to be an improvement However, the question remains to 
what extent the subgingival microflora can be influenced by ultrasonic treatment 
in comparison to hand treatment 
Surgical techniques, such as flap procedures, facilitate access to the subgingival 
area and make debridement easier to perform especially in deep periodontal 
pockets and furcations sites Comparison of surgical and non surgical treatment 
of periodontal disease revealed that both scaling and rootplaning as well as 
scaling and rootplaning with surgical flap procedures are equally effective in 
reducing pocket depths and resulted in either a gain or maintenance of attach-
ment levels (for review see Pihlstrom et al 1983) However reduction of pocket 
depths is not necessary for maintaing the dentition (Ramfjord 1987) Long term 
succes can be achieved by a recall program of scaling and rootplaning and oral 
hygiene instruction Periodontal surgery in the abscence of this form of recall 
program will fail (Nyman et al 1977) A recall interval of 3 months appeared to 
be sufficient for the maintenance of periodontal support (Ramfjord et al 1972) 
and also in preventing periodontal disease and canes (Axelsson & Lindhe 1981) 
It has been shown that after subgingival debridement, bacteria are still present 
on the tooth surface and it is piobable that these bacteria play an important role 
in the recolomsation of the subgingival microbiota (Waerhaug 1978) Some 
reports have suggested that recolonisation of the subgingival area is the result of 
inadequate supragingival plaque control (Mousques et al 1980, Magnusson et al 
1984) However no differences in the bacterial flora of the subgingival area 
could be detected between control sites and sites under strict supragingival 
plaque control The subgingival flora remained stable 70 days after scaling and 
rootplaning in both the absence as well as in the presence of supragingival 
plaque (Lavanchy 1987) On the other hand the composition of an established 
subgingival flora does not seem to be affected by the control of supragingival 
plaque The subgingival flora remained stable in the presence or absence of 
supragingival plaque control (Kho et al 1985) It may be concluded that the 
bacteria remaining in the pocket after debridement probably determine the re-
estabhshment of the subgingival microflora In this thesis a study is described 
investigating the effect of subgingival debridement with hand and ultrasonic 
instruments on the subgingival microflora 
The limited success of subgingival plaque control by mechanical methods 
explains why chemotherapy has been considered as an adjunct to mechanical 
debridement Orally taken chemotherapeutic agents such as tetracycline and 
metronidazole reach the periodontal pocket by the systemic route as has been 
proven by the concentrations measured in the crevicular fluid (Gordon et al. 
1981, Van Oosten et al 1985) By systemic use, a drug can be delivered simulta-
neously to all the periodontal sites for extended periods of time but side effects 
such as bacterial resistance, superinfection of resistant microorganisms and 
patient hypersensivity may occur (for review see Genco 1981) By topical 
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application of a drug in a periodontal pocket adverse side effects are minimised 
by using the drug at the lowest effective doses (Genco 1981), moreover with 
topical application, drugs can be used which are unsuitable for systemic use. 
Antibacterial drugs in mouthrinses, ointments and dentifrices do not reach the 
subgingival areas (Flötra et al. 1972, Pitcher et al. 1980). However methods have 
been developed to carry agents directly into the periodontal pocket. The used 
delivery methods are; irrigation of the pocket by a fluid or gel containing antimi-
crobials or slow release devices such as fibres and acrylic strips impregnated 
with antimicrobials and placed in the pocket for a period of time. A great num-
ber of studies have been carried out using various treatment regimes and diffe-
rent antimicrobials. The antimicrobial drugs mostly used are tetracycline, metro-
nidazole, Chlorhexidine, stannous fluoride, hydrogen peroxide and sodiumbi-
carbonate with various clinical and microbiological succes (for review see 
Dubrez 1989). The microbial effect of the local application of antimicrobials on 
the subgingival microflora is mostly evaluated by dark field microscopy. Subgin-
gival irrigation with Chlorhexidine without prior mechanical debridement has 
only a limited and transient effect on spirochetes, motile rods and bleeding 
scores (Westling & Tynelius - Brathall 1984, Haskel et al. 1986, Lander et al. 1986, 
Wennström et al. 1987). Irrigation with stannous fluoride without mechanical 
debridement reduces the percentage of motile bacteria and spirochetes but 
these percentages returned to base line values 10 weeks after treatment. Acrylic 
strips containing Chlorhexidine, metronidazole or tetracycline placed for 2 to 3 
days in non debrided pockets decreased the proportion of spirochetes and 
motile rods immediately after treatment (Addy & Langeroudi 1984). 
After scaling and rootplaning subgingival irrigation with Chlorhexidine does not 
augment the effect of mechanical debridement when microscopical and clinical 
parameters are observed (Khoo & Newman 1983, Braatz et al. 1985, Mac Alpine 
et al. 1985, Wennström et al. 1987). Moreover no significant effect is found on 
the total viable counts, Gram negative anaerobic rods or Bacteroides species in 
the pocket (Wennström et al. 1987). Also hydrogen peroxide irrigation in 
combination with scaling and rootplaning has no measurable effect on the 
subgingival microflora (Wennström et al. 1987) and application of a mixture of 
hydrogen peroxide and sodiumbicarbonate after scaling and rootplaning has 
only a limited effect on the subgingival microflora (Rosling et al. 1983). Tetracy-
cline irrigation of deep pockets does not augment the effect of non surgical 
periodontal therapy (Mac Alpine et al. 1985). 
Thus in comparison to mechanical debridement local application of antimicrobi-
al agents has a limited microbiological effect. 
The limited and transient effect of local chemotherapy could be influenced by 
the concentration of the drug and its contact time with the bacteria. Chemothera-
peutic agents will inhibit the growth or kill bacteria only when they are in 
contact with the bacteria in an adequate concentration during a sufficient period 
of time. The time bacteria are in contact with the antibacterial drug after irriga-
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tion of the pocket depends upon the physical and chemical properties of the 
drug such as viscosity and adherence Through the crevicular fluid flow (Vallaz-
za et al 1972, Cimasoni 1983, Villela et al 1987) drugs applied by irrigation are 
expected to be washed out In this thesis a study is described to measure the 
clearance of a topically applied drug in periodontal pockets 
The inhibitory concentration of an antibactenal drug is in medical practice in 
most cases sufficient to resolve inflammation since the success of in wvo anti-
bacterial action depends very much on the host's own defence mechanism 
which will ultimately eliminate the bacteria that have been reduced by the 
antimicrobial drug (Lenette et al 1985) Most patients suffering from periodon-
titis are not immunodeficient but deficiencies in neutrophil or monocyte func-
tion are shown in the majority of humans with severe or rapidly progressive 
periodontitis (Page & Schroeder 1982) Therefore in periodontal practice 
preference should be given to bactericidal drugs which kill bacteria at clinically 
attainable concentrations in the periodontal pocket using short contact times 
For this reason the bactericidal activity m vitro as well as in vwo of antibacterial 
drugs such as Chlorhexidine and fluorides has to be determined Moreover the 
time a drug stays in the pocket after irrigation has to be clarified 
The prime objective of this study was to investigate the treatment of periodonti-
tis by reduction of the subgingival microflora through mechanical debridement 
and local application of antimicrobials in penodontal pockets 
The aims of the study were 
- estimation of the effect of subgingival debridement with hand and ultrasonic 
instruments on the subgingival microflora (Chapter II) 
- Determination of the bactericidal concentrations of Chlorhexidine, amine 
fluoride gel and stannous fluoride gel for subgingival bacteria tested in serum 
at short contact times (Chapter III) 
- estimation of the clearance of a topically applied fluorescein gel from perio-
dontal pockets (Chapter IV) 
- estimation of the bactericidal activity of Chlorhexidine gel, amine fluoride gel 
and stannous fluoride gel in periodontal pockets (Chapter V) 
- comparison of the antimicrobial effect of the application of Chlorhexidine gel, 
amine fluoride gel and stannous fluoride gel in debnded periodontal pockets 
(Chapter VI) 
The experimental work and writing of this dissertation took place at the labora-
tory of oral microbiology of the department of Penodontology and Preventive 
Dentistry of the Dental School at the University of Nijmegen and was part of the 
research program "Oral Microbiology" 
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II THE EFFECT OF SUBGINGIVAL DEBRIDEMENT WITH HAND 
AND ULTRASONIC INSTRUMENTS ON THE SUBGINGIVAL 
MICROFLORA* 
PJ M Oosterwaal, M I Matee, F H M Mikx, M A van 't Hof and H H Renggli 
ABSTRACT 
The effect of hand or ultrasonic instrumentation on the subgingival microflora of 
periodontal pockets ^vas investigated Pockets with probing depths of 6-9 mm 
were selected in 12 patients and were randomly assigned per patient to the 
experimental and control groups 
After oral hygiene instruction, instrumentation of the experimental pockets was 
carried out either by ultrasonic or by hand instruments in a split mouth design 
The treatment effect on the subgingival microbiota was evaluated by microsco-
pic and culture studies of subgingival plaque samples while in addition, 
supragingival plaque, bleeding after probing and probing pocket depth were 
scored Examinations were carried out before and 7, 21 and 49 days after 
treatment 
The hand and ultrasonic treatments were equally effective in reducing probing 
pocket depths and bleeding scores At the end of the experimental period the 
probing depths of 54 % of the hand treated pockets and 43 % of the ultrasonic 
treated pockets were reduced to 4 mm or less while the bleeding scores were 
reduced to 29 % and 22 %, respectivelv The analysis of microscopical and 
cultural data did not show any differences between hand and ultrasonic debride-
ment Both treatments reduced the microscopical counts of rods, spirochetes 
and motiles and reduced the total colony forming units and number of blackpig-
mented Bacteroides and Capnocytophaga, resulting in a subgingival microbiota 
consistent with periodontal health 
INTRODUCTION 
Advanced lesions of periodontal disease are associated with shifts in the subgin-
gival microflora towards higher proportions of gram-negative rods and spiroche-
tes (for review, see Van Palenstein Helderman (1981)) 
The major approach to prevention and treatment of adult periodontitis is to 
•'Journalof'ClmtLalPenodontology 1987 14 528 533 
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reverse this microbial shift and to maintain a microflora consistent with peno-
dontal health Subgingival debridement is an effective treatment (Hill et al 1981) 
and can be performed mechanically by hand or ultrasonic instruments, resulting 
in similar reductions of probing pocket depths and bleeding scores even in the 
treatment of deep pockets (Torfason et al 1979, Badersten étal 1981, 1984) 
Ultrasonic treatment removes less cementum and leaves a rougher surface 
behind than hand instruments (Van Volkenburgh et al 1976, Lie & Meijer 1977) 
but no differences are found between the two instruments in removing subgingi-
val plaque (Thornton & Garnick 1982) 
Microscopic studies of subgingival plaque samples showed that scaling and root 
planing with hand instruments leads to increased proportions of coccoid cells 
and decreased proportions of motile rods and spirochetes for a varying period of 
time (Listgarten et al 1978, Mousquès et al 1980, Lindhe et al 1983, Magnusson 
et al 1984) Cultural studies of subgingival debridement demonstrated a reducti-
on in the total number of micro-organisms and proportions of gram negative 
anaerobes (Slots et al 1979, Hinrichs et al 1985, Walsh et al 1986) 
The effect of ultrasonic treatment on the subgingival microflora has not yet been 
evaluated The present study is aimed at comparing the microbiological and 
clinical effects of debridement of periodontal pockets with hand and ultrasonic 
instruments 
MATERIAL AND METHODS 
Twelve patients, six male and six female aged 31-46 years (mean age 37 years) 
took pan in the study The patients were referred to the Department of Peno-
dontology, University of Nijmegen, for treatment of advanced periodontal 
disease Selection of patients was based on the presence of at least six periodon-
tal pockets of 6-9 mm at one-rooted teeth, associated with bleeding after 
probing, alveolar bone loss and attachment loss The subjects had not received 
any antibiotics in the previous six months, nor did they have a history of any 
systemic disease None of the female subjects were aware of being pregnant All 
patients were informed about the study and were willing to participate One 
week before the trial, the subjects were instructed in how to control plaque with 
a toothbrush, triangular toothpick and interdental brush 
In order to exclude disturbing factors as much as possible, the entena for a 
randomised double-blind, controlled clinical tnal were followed (Pocock 1983) 
Out of the six selected sites from each patient two were assigned for hand 
instrumentation, two sites for ultrasonic treatment and the remaining two sites 
served as untreated controls Treatment of the sites was performed by one 
operator Clinical measurements and subgingival plaque sample collection were 
earned out by one investigator while culture and microscopic studies of the 
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collected samples were performed by another investigator The two investiga-
tors were not aware of the type of treatment assigned to the particular site, nor 
was the patient 
Selected sites were subjected to comprehensive clinical and microbiological 
examinations to obtain the base line data Subsequently, they were treated by 
either hand (Gracey curettes, Hu-Fnedy, Chicago, 111, USA) or ultrasonic instru-
ments (Dentsply-Cavitron with TFI-10 typ, Cavitron Corp , Long Island City, NY, 
USA) until the operator felt that the root surface had been adequately debnded 
Examinations at days 7, 21 and 49 were performed to monitor the clinical and 
microbiological changes as well as to give the patient additional oral hygiene 
instructions according to individual needs (Table 1) The remaining teeth were 
scaled and root planed by a specially trained dental hygiënist within the first 
7 days after the start of the trial 
Clinical parameters . 
The clinical parameters included bleeding after probing on a dichotomous scale 
and probing depth measured in millimeters by a Borodontic pressure probe, 
26 g (Bondent В V, Waalwijk, NL ) The presence or absence of supragingival 
plaque was recorded with a disclosing dye (Dis-plaque, Cooper Care Ine , 
Fairfield, NJ, USA) 
Table 1 Experimental design 
• 
A · · 
day -7 0 7 
• instrumentation 
A oral hygiene instruction 
• microbiological and clinical 
• 
21 
examination, 
hygiene according to individual needs 
• 
49 
reinforcement of oral 
13 
Subgingival plaque collection 
At the test sites, the supragingival plaque was carefully removed and subse 
quently, the subgingival plaque samples were taken by introducing an endodon­
tic broach (Colonnox, Maillefer, CH) into the periodontal pocket until resistance 
was detected (Коек-Van Oosten & Mikx 1980) The tip of the broach containing 
the sample was cut and immediately suspended in 0 6 ml of prereduced trans­
port fluid (RTF, Syed & Loesche 1972) The bacterial suspension was suspended 
by vortexing for 20 sec and analysed by microscopic and culture studies 
Culture studies 
The homogenized bacterial suspension was diluted ten fold in pre-reduced RTF 
up to 10-3 dilution From each dilution, 0 1 ml was plated on BBM agar (Notten 
et al 1983) BBM agar w ith 0 05 g/1 Kanamycin BBM agar with 0 01 g/1 metroni­
dazole, Columbia CNA agar (Filen & Balcer/ak-Raczkowski 1975) and crvstal-
violet-erythromycin agar (CVF, Walker et al 1979) Handling of the samples 
was carried out in an anaerobic environment consisting of 85% N2, 10%CO2 
and 5 % H2 All the plates were incubated for 7 to 8 days Bacteria were identi­
fied and enumerated on the different agar plates on the basis of colonial mor­
phology gram-slain, wet preparations and biochemical reactions Total facultati­
ve and obligate anaerobic colony forming units (CFU) and CFU of Actinomyces 
odontolyticus, Fusobactenum spp Capnocytophaga spp and black-pigmented 
Bacteroides spp were counted on BBM agar plates Facultative anaerobes were 
counted on BBM plates with metronidazole In addition, black-pigmented 
Bacteroides were counted on BBM plates with Kanamvcin, Actinomyces spp on 
Columbia CNA agar plates and Fubobactenum spp on CVE agar plates 
Microscopic studies 
Five microliter of homogenized bacterial suspension in RTF was applied to a 
microscopic slide and cover-slipped I he slides were examined by dark-field 
microscopy at a magnification of ХІ200 Five bacterial groups, namely coccoid 
cells non-motile rods, fusiforms, spirochetes and motile rods (I istgarten & 
Hellden 1978) were differentiated in randomly selected microscopic fields Up to 
200 cells per sample were counted 
Statistical methods 
In general, bacterial counts do not show a normal or log normal distribution 
Therefore, the non parametric Wilcoxon signed rank testwas applied to the log 
of the counts The same procedure was followed for the probing depth data The 
outcome of the bleeding test was evaluated by the chi square test Each analysis 
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was carried out on the average value of equally treated sites since the patient 
was chosen as the unit for analysis (Blomqvist 1985). 
RESULTS 
The frequency distribution of probing depths and bleeding scores at the start 
and at day 49 is shown in Table 2. Following treatment, the percentage of 
pockets with probing depths greater than 4 mm was markedly reduced. Some 
reduction of probing depth was also noted in the control sites. At the end of the 
experimental period no significant differences in probing depth were found 
between hand and ultrasonically treated sites, with 54 % and 43 % of the pockets 
respectively, showing a probing depth of 4 mm or less. 
Table 2. Frequency dislribulion of probing depth and bleeding score categories at the start 
and day 49 of the hand- or ultrasonic-treated sites and the control sites 
probing depth (mm)·* 
< 4 
5-6 
7-9 
bleeding score" 
Hand 
treatment 
start 
% 
0 
42 
58 
100 
d 4 9 
% 
54 
38 
8 
29 
Ultrasonic 
treatment 
start 
% 
0 
17 
83 
100 
d 4 9 
% 
43 
57 
0 
22 
PI 
— 
-
-
-
Control 
start 
% 
0 
29 
71 
100 
d 4 9 
% 
0 
50 
50 
88 
P2 
* 
* 
* 
* 
'Tested by Wilcoxon matched pairs signed rank test 
'Tested by χζ test. 
PI: significance level of hand versus ultrasonic test - not significant. 
P2: significance level of control versus treatment test; */'<0.05. 
The bleeding scores were reduced following hand and ultrasonic treatment. No 
differences were found in the effect of hand versus ultrasonic treatment. The 
bleeding scores of the treated siles were significantly lower than those of the 
control sites. Supragingival plaque was found at the start of the experiment in 
35 % of the experimental sites. At day 49, only 22 % of the sites showed supra­
gingival plaque. 
A summary of the microscopic bacterial composition is given in Table 3. The 
cultural observations are presented in Table 5. At the start of the experiment, no 
significant differences were found between the three groups of experimental 
sites with respect to microscopical composition and cultivable bacteria (Ta­
ble 6). 
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Table 3 The microscopic composition of subgingival plaque of periodontal 
pockets in test sites before (start) and 7, 21 and 49 days after debride­
ment by hand and ultrasonic instruments and in untreated control 
sites 
Time interval 
Hand treatment 
coccoid cells 
non-motile rods 
fusiforms 
spirochetes 
motile rods 
start 
IT 
(38-93)b 
5 3 
(3 0-10 0) 
0 1 
(0-2 5) 
9 0 
(2 0-35 0) 
4 0 
(0 2-22 0) 
Ultrasonic treatment 
coccoid cells 
non-motile rods 
fusiforms 
spirochetes 
motile rods 
Control 
coccoid cells 
non-motile rods 
fusiforms 
spirochetes 
motile rods 
79 
(43-100) 
6 0 
(0-15 0) 
0 6 
(0-2 0) 
13 1 
(0-32 4) 
50 
(0-18 0) 
75 
(53 0-100) 
6 9 
(0-15) 
0 3 
(0-4 0) 
14 0 
(0-34 0) 
4 0 
(0-12 0) 
7 days 
97 6 
(91 3-100) 
13 
(0-4 0) 
0 03 
(0-0 4) 
0 07 
(0-2 0) 
0 1 
(0-2 7) 
97 7 
(87-100) 
17 
(0-110) 
0 03 
(0-1 2) 
0 02 
(0-1 5) 
03 
(0-3 5) 
82 0 
(41 2-97 0) 
37 
(1 0-20 5) 
01 
(0-2 5) 
86 
(0-34 7) 
28 
(0-16 1) 
21 days 
96 
(90 8-100) 
12 
(0-5 2) 
0 03 
(0-0 5) 
0 1 
(0-7 4) 
0 6 
(0-3 2) 
98 0 
(88-100) 
14 
(0-11 2) 
0 
0 
0 03 
(0-4 7) 
02 
(0-1 7) 
84 0 
(51-99 5) 
4 4 
(0 2-17 7) 
0 08 
(0-4 5) 
7 4 
(0-33) 
15 
(0-10 2) 
49 days 
98 0 
(83 4-100) 
15 
(0-60) 
0 03 
(0-0 7) 
0 2 
(0-5 5) 
0 1 
(0-8 0) 
98 3 
(78-100) 
12 
(0-4 7) 
0 05 
(0-0 5) 
0 1 
(0-13 4) 
0 2 
(0-3 2) 
913 
(64-100) 
20 
(0 5-6 2) 
0 1 
(0-1 5) 
36 
(0-25) 
14 
(0-4 4) 
" median of percentages 
ь
 range of percentages 
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Table 4 Significance levels of the bacteriological findings in test and control 
sites at days 7, 21 and 49 compared to the value at the start, Wilcoxon 
signed rank test (n = 12) 
Hand treatment Ultrasonic treatment Control 
7 21 49 7 21 49 7 21 49 
days days days days days days days days days 
Microscopy 
coccoid cells 
non motile rods 
fusiforme 
spirochetes 
motile rods 
· ·+ 
··_ 
*-
·*_ 
**_ 
Culture studies 
total CFU 
facultatives 
A odontolyttcus 
Actinomyces spp 
b ρ Bacteroides *-
Fusobactenum spp 
Capnocytophaga spp *-
Significance level P > 0 05) " P ¿ 0 05, " P < 0 01, + increase, -decrease 
The microscopic composition of the subgingival plaque samples changed after treatment 
by hand instruments (Table 3) The significance levels of the Wilcoxon signed rank test 
for the changes in time with respect tothe observations before treatment are given in 
Table 4 The percentage of coccoid cells increased up to 49 days after hand instrumentati-
on while lower percentages were found for non-motile rods, spirochetes and motile rods 
Similar results were found for the ultrasomcally treated sites In addition, the percentages 
of fusiforme remained lower, up to 49 days after treatment 
At the control sites, no changes were observed initially, while at day 49, significant 
changes were found in the percentages of coccoid cells, non-motile rods, spirochetes and 
motile rods in the same direction as at the treated sites (Table 4) 
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** ** * 
Φ * · 
** ++ 
** *· 
*· * 
ГаЫе 5 The cultivated micro-organisms of the subgingival plaque of perio­
dontal pockets in test sites before (start) and 7, 21 and 49 days after 
debridement by hand and by ultrasonic instruments and in untreated 
control sites 
Time interval 
Hand treatment 
total CFU 
facultatives 
A odontolvticui 
Actinomyces spp 
b ρ Bacteroides 
Fusobactenum ьрр 
Capnocytophaga ьрр 
Ultrasonic treatment 
total CFU 
facultatives 
A odontolyticus 
Actmomyces φρ 
b ρ Bacteroides 
Fusobactenum spp 
Capnocytophaga spp 
Control 
total CFU 
facultatives 
A odontolyticus 
Actinomyces spp 
b ρ Bacteroides 
Fusobactenum spp 
Capnocytophaga spp 
start 
5 8·' 
(4 7-6 8)" 
5 3 
(2 8-5 9) 
3 1 
(0 5 4) 
4 6 
(1 0-5 5) 
18 
(0 3 7) 
19 
(0-4 6) 
18 
(0 4 9) 
5 9 
(5 0-6 5) 
52 
(4 1-5 9) 
3 0 
(0 4 9) 
42 
(1 4-5 3) 
25 
(0 3 0) 
21 
(0 4 9) 
21 
(0-3 9) 
5 6 
(5 2-6 4) 
52 
(4 0-6 0) 
3 6 
(0 5 6) 
3 7 
(0-5 9) 
0 04 
(0-3 0) 
0 07 
(0-4 6) 
0 1 
(0-4 6) 
7 days 
48 
(3 3-5 2) 
39 
(1 7 6 3) 
26 
(0 4 8) 
26 
(0 4 9) 
01 
(0 2 2) 
0 05 
(0 4 0) 
0 07 
(0 3 3) 
50 
(3 6-5 4) 
44 
(2 7-6 6) 
35 
(0-4 3) 
32 
(0-4 6) 
01 
(0-2 6) 
0 
(0-2 8) 
0 
0 
54 
(4 7-6 3) 
50 
(2 4 5 7) 
26 
(0-5 2) 
32 
(0-5 3) 
0 05 
(0-4 78) 
01 
(0-3 8) 
01 
(0-5 2) 
21 days 
4 7 
(3 8-6 0) 
4 2 
O0-5 0) 
1 2 
(0-2 3) 
3 0 
(1 2-4 6) 
0 1 
(0-3 15) 
10 
(0-3 8) 
0 
(0-2 7) 
55 
(3 8-6 0) 
4 6 
(4 6-5 4) 
14 
(0-2 9) 
34 
(1 2-5 3) 
0 07 
(0-3 6) 
16 
(0-4 6) 
0 03 
(0-3 2) 
54 
(3 9-6 3) 
4 7 
(2 1-5 8) 
13 
(0-5 2) 
32 
(2 6-4 9) 
009 
(0-3 0) 
16 
(0-3 1) 
12 
(0-4 6) 
49 days 
5 0 
(3 8-6 4) 
4 5 
(3 7 6 1) 
3 1 
(0 5 8) 
3 5 
(0 5 3) 
006 
(0 15) 
10 
(0 4 2) 
0 1 
(0 17) 
4 7 
(3 7-6 0) 
4 7 
(3 8 5 4) 
3 7 
(0-5 3) 
3 3 
(1 5-4 8) 
0 
0 
17 
(0-2 7) 
0 2 
(0-2 2) 
5 1 
(4 5-6 0) 
4 7 
(3 6-5 7) 
3 0 
(0 5 6) 
3 5 
(2 5-5 4) 
0 2 
(0-3 9) 
0 
(0-4 2) 
0 2 
(0-3 9) 
' Median (in Log,0 of counts) / b Range (in Log10 of counts) 
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No differences were found in microscopic counts between the hand and 
ultrasonic treated sites (lable 6) Comparison of the treated sites versus control 
sites showed that the control sites initially had significantly lower percentages of 
coccoid cells and higher percentages of non-motile rods, spirochetes and motile 
rods (Table 6) 
The total number of cultivated micro-organisms decreased directly after treat­
ment and remained reduced up to 49 days in the treated sites (Tables 4, 5) 
Black-pigmented Bacteroides and Capnocytophaga tended to decrease after 
treatment The control sites at day 49 showed a reduction in total CFl and an 
increase in black-pigmented Bacteroides 
No differences were found between hand and ultrasonic treatment in the 
number of cultivable micro-organisms (Table 6) At day 7, the control sites had 
higher total counts and Capnocytophaga counts than treated sites (Table 6) 
Table 6 Sigmhcance levels of the bacteriological measurements comparing 
hand versus ultrasonic pocket debridement and treated versus 
untreated (control) sites, Wilcoxon signed rank test (n = 12) 
Handvs ultrasonic Treatment vs control 
7 21 49 7 21 49 
start days days days start davs days days 
Microscopy 
coccoid cells 
non-motile rods 
fusiforms 
spirochetes 
motile rods 
Culture studies 
total CFU 
facultatives 
A odontolyticus 
Actinomyces spp 
b ρ Bacteroides 
Fusobactenum spp 
Capnocytophaga spp 
Significance level p > 0 05, * p £ 0 05, * * p < 0 0 1 , + control > treatment, 
- control < treatment 
*+ " + *+ 
·+ ·+ 
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DISCUSSION 
Random selection of experimental sites and double-blind handling of the 
measurements in a well-controlled clinical tnal are meant to reduce systemic 
errors and to provide reliable results In the present study, selection and rando-
mised distribution of 6 experimental sites in each of the 12 patients resulted in 
three groups of 24 experimental sites each of which were found to be similar in 
clinical and microbiological aspects. The selection of the experimental sites was 
based on the same criteria as used by others (Listgarten et al 1978, Smulow et al. 
1983, Magnusson et al 1984, Walsh et al 1986). For unknown reasons, our base 
line data showed lower percentages of spirochetes and lower numbers of 
black-pigmented Bacteroides 
The hand and ultrasonic instrumentation resulted in a reduction of spirochetes 
and motile rods with concomitant increases in coccoid cells throughout the 
expenmental penod of 49 days These findings are in accordance with data of 
Listgarten et al. (1978), who found a decrease of motile rods and spirochetes 
over a 25 week period However, their patients received a senes of scahngs and 
oral hygiene instruction during the tnal Our results are not consistent with the 
data obtained by Mousquès et al (1980), who found that a single session of 
scaling and root planing is capable of disturbing the proportion of certain 
bacterial forms in the subgingival periodontal flora and that it may require 
approximately 42 days to return to base line values However, their patients did 
not receive oral hygiene instruction. 
The fact that in the present study, the spirochetes remained significantly lower at 
the treated sites for 49 days after pocket debridement with hand or ultrasonic 
instruments was probably due to the additional effect of supragingival plaque 
control It has been shown that control of supragingival plaque prevents 
re-establishment of spirochetes up to 32 weeks (Magnusson et al , 1984) 
The microscopic results were confirmed by the cultural observations Hand and 
ultrasonic treatment reduced the total CFU and the number of black-pigmented 
Bacteroides and Capnocytopbaga These reductions are in accordance with data 
of Smulow et al (1983), who observed that subgingival scaling and daily 
supragingival plaque removal reduced the total colony-forming units and 
number of black-pigmented Васterotdes over an experimental penod of 21 days 
In our expenment these reductions were found up to 49 days after treatment 
Bactenological and clinical changes at the control sites at day 49 especially the 
decrease of the percentage of spirochetes and the total number of CFU, might be 
due to improved oral hygiene (Listgarten et al 1978, Smulow et al 1983) In our 
study, the percentage of sites with supragingival plaque was low (35 %) and 
remained low up to day 49 (22 %) Another explanation for the changes found at 
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control sites could be an increase in host resistance, for example as a result of 
stimulation of the immune response (Osterberg et al. 1983); finally, a regression 
to the mean is an inherent non-specific effect in this kind of study. 
The hand and ultrasonic treatments were equally effective in reducing probing 
pocket depths and bleeding scores. These results confirm the observations of 
Badersten et al. (1981, 1984). The analysis of the microscopic and cultural data 
did not show any differences between hand and ultrasonic debridement. Both 
treatments changed the microscopic composition of the subgingival microflora 
and reduced the total CFU and number of black-pigmented Bacteroides and 
Capnocytophaga, thereby producing a subgingival microbiota consistent with 
periodontal health. 
Ultrasonic instrumentation requires less skill and force from the operator than 
treatment with hand instruments. Furthermore Badersten et al. (1981) observed 
that the operators used less time for treatment with ultrasonic instruments than 
with hand instruments. Because of the advantages of simplicity, and in general a 
shorter instrumentation time in subgingival debridement, preference might be 
given to ultrasonic instrumentation. 
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Ill BACTERICIDAL CONCENTRATIONS OF CHLORHEXIDINE-
DIGLUCONATE, AMINE FLUORIDE GEL AND STANNOUS 
FLUORIDE GEL FOR SUBGINGIVAL BACTERIA TESTED IN 
SERUM AT SHORT CONTACT TIMES* 
PJ M Oosterwaal, F11 M Mikx, Μ E van den Brink and H H Renggli 
ABSTRACT 
In vitro inhibitory and bactericidal concentrations in serum of chlorhexidine-
digluconate, amine fluoride gel, stannous fluoride gel, stannous fluoride, 
metromda7ole and amoxicillin were determined against Bacteroides gmgivahs, 
Bacteroides mtermedtus, FusobaUenum nucleatum, Actmobacilhis actmomy-
cetemcomitans and Capnocytophaga sputtgena The minimal inhibitory 
concentration was assessed by the agar dilution technique The killing curves 
and minimal bactericidal concentration of the antimicrobial agents in inactivated 
bovine serum were determined after 5,10, 20 and 60 minutes contact time 
The minimal inhibitory concentration vaned amongst the tested bacteria A 
concentration of 128 /xg/mL Chlorhexidine digluconate, 20 mg/mL amine 
fluoride gel, 1 mg/mL stannous fluoride, 128/ig/mL metronidazole and 4/¿g/mL 
amoxicillin inhibited the growth of the tested species 1 he minimal bactericidal 
concentration in serum for В gingivalis, В mtermedtus, F nucleatum, A actm-
omycetemcomitans and С sputtgena after 10 minutes contact time was 5 mg/mL 
for Chlorhexidine digluconate and 100 mg/mL for amine fluoride gel A concen­
tration of 200 mg/mL stannous fluoride gel in serum was bactericidal for the 
tested species after 10 minutes contact time, with exception oï F nucleatum 
INTRODUCTION 
The awareness that periodontal diseases are the result of specific bacteria or 
groups of bacteria, has stimulated the interest in the use of antimicrobial agents 
in periodontal therapy A number of chemotherapeutic agents have been 
evaluated for their effect on oral bacteria, dental plaque, gingivitis and periodon-
titis (for review, see Loe (1) and Newman et al (2)) The concentrations of 
antibiotics obtained in the periodontal pocket after systemic use have been 
determined (3, 4, 5) and the minimal inhibitory concentration (MIC) of different 
antimicrobial agents for periodontal bactena have been assessed in vitro (6, 7) 
The present study is not directed at drugs for mouthnnses or systemic use but is 
specifically aimed at local application in periodontal pockets 
In medical practice MIC's are sufficient for guiding chemotherapy in most 
•Journal of Penodontal Research 1989 24 155 160 
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instances The success of antimicrobial therapy depends greatly on the host's 
own defense mechanism and its abilitv to eliminate the offending microorga­
nisms In periodontal practice, most patients suffering from periodontitis are not 
immune- deficient but deficiencies in neutrophil or monocyte function are 
shown in the majority of humans with severe or rapidly progressive periodontitis 
(8) In the treatment of periodontitis topicallv applied disinfectants are frequent­
ly only in brief contact with plaque bacteria, therefore preference should be 
given to antibacterial drugs which kill bacteria during short contact times at 
clinically attainable concentrations in the periodontal pocket 
The minimal bactericidal concentration GMBC) is in most cases higher than the 
MIC of the same drug and is sometimes beyond the therapeutic dosage Topical 
application increases the spectrum of therapeutically acceptable antibacterial 
drugs and offers the possibility of using bactericidal concentrations of these 
drugs Because it is expected that drugs applied in a pocket will be diluted and 
inactivated by the crevicular fluid bactericidal concentrations of drugs for 
topical application should be determined in a gingival fluid-like diluent at short 
contact times The aim of the present study was to estimate the killing curves 
and MBC and MIC values in serum of Chlorhexidine digluconate, stannous 
fluoride, stannous fluoride gel, amine fluoride gel, metronidazole and amoxicil­
lin for different subgingival micro-organisms during contact times of 5, 10, 20 
and 60 minutes 
MATERIALS AND METHODS 
Cultures and cultural conditions 
The bacteria tested in this study originated from tvpe culture collections or were 
isolated in the oral microbiology laboratory m Nijmegen unless otherwise 
indicated The strains were isolated from different periodontal patients 
The following strains were used Bacterotdes gmgtvalts, D0901, D1401, D1405, 
F0701, Ь.0704, B59, 46, 52, 55, 376, 1083, ATCC 3324,381, H184, H319, (the last 3 
strains were kindly provided by J de Graaff, Amsterdam, NL), Bacterotdes 
mtermedtus, ATCC 9337, ATCC 25260, ATCC 35260, F1206, G1406, J0705, J2001, 
M0802, P6, OMB11010, OMB12065, (OMB strains provided by F Gusberti, Bern, 
CH) Fumbactenum nucleatum, E1242, E1741, F1341, F1441, J1641, K1542, 
K1641, M0442, M0941, M1042, J2641, L2341, Actinobacctllus acttnomycetemco-
mttans, A0881, B0881, F1781, F1881, JPH18, K0981, K1581, K1681, M1081, 
R0781, ATCC 29523 and ATCC 29524, Actinomyces odontolyticus, E1721, E1821, 
K0721, K0722, K1423, K1521, K1621, K1625, K1626, NT9337, Elkenella corro-
dem, E1461, Ы761, F1361, F1461, H0323, H0561, J1561, Jl66l, M0361, MIO6I, 
Capnocytophaga spuligena, E1351, J0651, M1051, B4c and E4al The bacteria 
were stored at -80oC in skim milk and maintained during the experimental 
period by weekly subculture on BBM agar plates (9) One day before the expen-
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mental procedures the bacteria were transferred to BM broth (10) 
Antimicrobial agents 
The agents tested for antimicrobial activity were Chlorhexidine digluconate from 
a 20 % stock solution (ICI Ltd Alderley Fdge, UKDamine fluoride gel containing 
1,25 % fluoride (tlmex", Gaba, Basel, CH), stannous fluoride (ICN Pharmaceuti­
cals, Ine, Plainview, NY), stannous fluoride gel containing 10 % stannous 
fluoride (Floran", Creighton Pharmaceuticals, PTY, Ltd, Sydney, Australia), 
metronidazole (Rhone-Poulenc Nederland b ν , Amstelveen, M ) and amoxicillin 
(Flemoxin", Gist-Brocades, Delft, N1 ) 
Determination of the minimal inhibitory concentration 
The minimal inhibitory concentration (MIC) of the antimicrobial agents was 
based on an agar dilution technique (11) Serial dilutions of each antimicrobial 
agent were made in sterile demineralised water and were added to the BBM agar 
after sterilization and cooling to 45 С BBM agar was used because this medium 
gave the highest recovery of the tested anaerobes (9) Overnight cultures of each 
strain were inoculated on the pre reduced agar plates using a Steers replicator 
(12) yielding 10' bacteria per spot BBM agar plates without antimicrobials were 
used as a control Inoculation and incubation for 5 days of the obligate anaero­
bic strains was done in an anaerobic glove box (Coy laboratory products, Ine, 
Ann Arbor, Mich ) in an atmosphere of 85 % N„ 10 % CO¿ and 5 % II2 at 37 С 
The number of strains tested per bacterial species is indicated in Table 1 The 
minimal inhibitory concentration of the antimicrobial agent was considered to 
be the lowest concentration of the test substance which yielded no visible 
growth on the agar plates 
Determination of the minimal bactericidal concentration 
The determination of the minimal bactericidal concentration (MBC) of the 
antimicrobial agents was by a modification of the method described by Lenette 
(11) The modifications were contact time, media and the use of serum as 
contact medium Three dilutions of each antimicrobial agent were made in 
sterile demineralised water and 0,5 ml of each dilution was added to 4,5 ml heat-
inactivated bovine serum (Flow laboratories, Oxbridge, UK) Bovine serum was 
chosen as a model for the physico-chemical properties of gingival fluid (13) 
When testing fluorides, plastic tubes were used because of the interaction of 
glass and fluoride As a control, identical amounts of water without antimicrobial 
agents were added to the serum Test and control solutions had a pH of 7 5, with 
exception of the solutions containing stannous fluoride gel that had a pH of 5 0 
Twenty four hours before the start of the experiment the prepared test tulles as 
well as BBM agar plates were prereduced by anaerobic incubation Two strains 
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per bacterial species were tested for each antimicrobial agent At the start a 
sample was taken of the overnight culture to determine the initial bacterial 
number of the inoculum by plate count An inoculum of 0 5 mL of each strain 
was added to the test and control tubes and after 5, 10, 20 and 60 minutes 
ahquots of 0 1 mL were taken from the tubes for plate counts The problem of 
carrying over of the drug was avoided by the dilutions and spreading on BBM 
agar plates All handling was done in the anaerobic glove box After 5 days of 
incubation colonies were counted The survival fraction was calculated in 
relation to the initial bacterial number, estimated at the start of the experiment 
Results based upon an inoculum of 10' bacteria per mL or less were excluded 
and the tests were repeated with an inoculum of higher density 
The minimal bactericidal concentration (MBC) was defined as the lowest 
concentration of the antimicrobial agent which killed at least 99,9 % of the 
bacteria (11) at the indicated contact times 
RESULTS 
The minimal inhibitory concentrations of Chlorhexidine digluconate were 32 
/i.g/mL for A odontolyticus and С sputtgena and 64-128/Mg/mL for the other 
investigated species Ninety percent of the A actmomycetemcomitans strains 
were inhibited at a concentration of 128Mg/mL (Table 1) Most tested microorga­
nisms were inhibited by 5 mg/mL amine fluoride gel except A actmomycetemc­
omitans, MIC 20 mg/mL and E corrodens and С sputtgena MIC 10 mg/mL 
В gtngivalts was most sensitive to stannous fluoride MIC 0,25 mg/mL while all 
other species had a MIC of 1 mg/mL Metronidazole inhibited the growth of the 
tested Bacteroides species at 4 Mg/mL while A odontolyticus was inhibited by 
128 Mg/mL This concentration of metronidazole also inhibited 70 % of the 
facultative strains E corrodens, A actmomycetemcomitans and 90 % of the tested 
Fnucleatum strains Amoxicillin inhibited all tested species at 1-4 Mg/mL with 
exception of Fnucleatum whereby 90 % of the strains were inhibited at a 
concentration of 4 Mg/mL (Table 1) 
For the determination of the minimal bactericidal concentration the bacterial 
number in the control and test tubes was estimated over a period of 60 mm The 
results of Bgingwahs and A actmomycetemcomitans were selected to demon­
strate the killing curves of Chlorhexidine digluconate and amine fluoride gel 
(Figures 1 and 2) Each graph shows the effect of three concentrations of each 
drug m serum on two strains The killing curves were used to calculate the 
minimal bactericidal concentrations in serum The MBC at short contact times in 
serum of the tested bacterial species are shown in Table 2 
For Chlorhexidine an MBC in serum was found of 5 mg/mL at 10 minutes contact 
time for all tested species Amine fluoride gel showed an MBC in serum of 50 
mg/mL at 10 mm contact time for most species except A actmomycetemcom­
itans, MBC 100 mg/mL 
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Table 1 Growth inhibitory concentrations of different antimicrobial agents for periodontal bacteria 
Bacteria 
В mtermedius 
В gingwahs 
F nucleatum 
E corrodens 
A actinomycetemcomitans 
С sputigena 
A odontolyticus 
No 
Strains 
tested 
9 
15 
10 
10 
10 
3 
10 
Cumulative percentage of strains inhibited at indicated concentration 
Chlorhexidine 
digluconate 
32 
% 
75 
8 
90 
90 
90 
100 
100 
/ig/ml 
64 
% 
100 
85 
90 
90 
90 
128 
% 
100 
100 
100 
90 
Amine fluroride* 
gel g/mL 
5 10 
% % 
100 
100 
100 
90 100 
20 50 
0 100 
100 
20 
% 
100 
Stannous fluoride 
mg/mL 
0,25 
% 
90 
100 
90 
40 
0 
33 
10 
0,5 
% 
90 
90 
80 
20 
66 
90 
1 
% 
100 
100 
100 
100 
100 
100 
Metronidazole 
4 
% 
100 
100 
80 
40 
0 
ND 
10 
Mg/mL 
32 
% 
90 
60 
60 
ND 
30 
128 
% 
90 
70 
70 
ND 
100 
Amoxicillin 
1 
% 
100 
100 
80 
70 
30 
66 
100 
Mg/mL 
2 4 
% % 
90 90 
100 
50 100 
100 
ND = Not done 
• Elmex" gel 
о 
Table 2 Minimal bactericidal concentrations of different antimicrobial agents for periodontal bacteria at different contact times 
m serum 
The concentrations used were for chlorhexidine-digluconate 1, 3 and 5 mg/ml, amine fluonde 25, 50 and 100 mg/ml 
and for stannous fluonde 20, 100 and 200 mg/ml 
Bactena 
В gmgivahs 
В mtermedius 
F nucleatum 
A actmomycetem 
comitans 
С sputigena 
5 
mm 
• 
3 
5 
5 
5 
Chlorhexidine 
digluconate mg/mL 
10 
mm 
5 
3 
5 
3 
3 
20 
mm 
3 
3 
5 
3 
3 
60 
mm 
3 
1 
3 
3 
3 
5 
mm 
100 
50 
50 
-
50 
Amine fluoride 
gel' 
10 
mm 
50 
50 
25 
100 
50 
mg/mL 
20 
mm 
50 
50 
25 
100 
50 
60 
mm 
25 
25 
25 
50 
50 
5 
mm 
200 
-
-
-
200 
Stannous fluonde 
gel", 
10 
mm 
200 
200 
-
200 
200 
mg/mL 
20 
mm 
100 
100 
-
200 
100 
60 
mm 
100 
100 
-
200 
100 
" No MBC found within the range of tested concentrations 
•Elmex" gel 
"Floran" gel 
For most species the MBC of stannous fluoride gel in serum was 200 mg/mL at 
10 min. contact time. Fnucleatum was found to be resistant at the tested 
stannous fluoride concentrations. 
An MBC of metronidazole in serum was only found at 60 min. contact time and 
was 0.004 mg/mL for the tested Bacteroides species and 0.008 mg/mL for the 
F.nucleatum species. For the facultative strains no MBC for metronidazole could 
be estimated during the experimental period. The killing curves of amoxicillin 
did not allow the estimation of an MBC within the given contact time of 60 
minutes. 
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Fig 1 a Killing curves Гог two strains оГ В gingivalis of 
Chlorhexidine al 3 concentrations • V 1 mg/ml. • U 3 mg/ 
ml, · ο S mg/ml, b Killing curves for two strains of if gingivalis 
of amine fluonde gel at 3 concentrations • V 25 mg/tnl. • Ü 
SO mg/ml, · ο 100 mg/ml. Open symbol strain DI40I and 
closed symbol strain EÛ701 
so 60 
Time (minutée) 
Fig 2 a Killing curves for two strains of A actmamycetemco~ 
mitans of Chlorhexidine at 3 concentrations AV I mg/ml, BU 
3 mg/ml, #0 5 mg/ml, b Killing curves for two strains of A 
actmomyeetemcomitans of amine fluoride gel at 3 concen-
trations A V 25 mg/ml, I D 50 mg/ml, · 0 100 mg/ml Open 
symbol strain АТСС 29523 and closed symbol strain АТСС 
29524 
DISCUSSION 
The estimation of bactericidal concentrations in serum at short contact times was 
chosen in order to select antimicrobials for use in topical periodontal therapy. 
Serum was used as a diluent to mimic the situation in a periodontal pocket in 
which an antimicrobial drug is applied. After adding Chlorhexidine and stannous 
fluoride gel to the serum a precipitate developed. Inactivation of antimicrobial 
drugs by serum is well known Hennesey (14) showed that addition of 10 % 
serum to suspensions of Pseudomonas aeruginosa necessitates the use of a 4-
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fold higher concentration of Chlorhexidine to achieve the same effect. It is 
reasonable to assume that the active concentrations in the tests of these antimi-
crobials in serum were lower than the indicated ones. However the same 
inactivation will occur in a periodontal pocket. In periodontal practice, irrigation 
with 0.2 % Chlorhexidine is frequently used. The results of this study show that 
such a concentration inhibits the growth in vitro but will not kill the bacteria of 
the subgingival microflora in serum. If one takes into account the neutralising 
effect of serum and the dilution of a locally applied drug, it is even questionable 
whether the subgingival microflora will be at all inhibited in vivo by a concentra-
tion of 0.2 % Chlorhexidine. Lander et al. (15) have shown that a single applicati-
on of 0.2 % Chlorhexidine gives a reduction of spirochetes and motile cells not 
exceeding a period of 4-5 weeks. On the other hand, biweekly irrigation of 
periodontal pockets with 2 % Chlorhexidine did not augment the antimicrobial 
effects of non surgical periodontal therapy (16). The question remains, if in these 
applications, the drug stays for long enough in the pocket to be bactericidal. 
A concentration of 0.5 % Chlorhexidine digluconate in serum was found to be 
bactericidal against all tested species within 10 minutes. In a recent study 
Caufield et al. (17) found a bactericidal activity of Chlorhexidine of 0.25 % to 2 % 
after 5 minutes contact time. These results are in the same range but not directly 
comparable with our data because their tests were not carried out in serum. 
Remarkable is the susceptibility of the tested oral bacteria to amine fluoride gel. 
Amine fluorides are salts of hydrofluoride and amines. The fluoride ions and the 
organic part of the molecule, a cationic surface active substance both have 
antimicrobial effects (for review see Mühlemann (18)). Recently Salem et al. (19) 
showed that aliphatic amines were bactericidal at low concentrations for Gram 
positive oral bacteria. In the present study amine fluoride gel (Elmex") was 
investigated. It was realised that, besides the amine fluorides, also other compo-
nents in the gel might be responsible for a bactericidal activity. If this is taken 
into account a concentration of 100 mg/mL amine fluoride gel in serum was 
bactericidal for all tested gram-negative species within 10 min., a result which is 
in accordance with the susceptibilities found for oral Streptococcus and Actino-
myces species tested with Elmex" fluid by Gehring (20). A.actinomycetemcom-
itans is relatively insensitive to amine fluoride gel because only the highest 
concentration, 100 mg/mL, was bactericidal at 10 minutes contact time. It should 
be noted that this concentration still represents a 10-fold diluted amine fluoride 
gel (Elmex"). 
Stannous fluoride gel in serum was bactericidal against most tested bacteria, 
MBC 200 mg/mL at 10 min. contact time, except F.nucleatum. Maltz and 
Emilson (21) have shown for Gram positive bacteria that the stannous com-
pound plays a major bactericidal role and that stannous fluoride has a bacterici-
dal effect at much lower concentrations than sodium fluoride. A similar differen-
ce between stannous fluoride and sodium fluoride was noted for black pigmen-
ted Bacteroides species (22). Others found that F.nucleatum was killed by 0.01 
% sodium fluoride after a contact time of 48 hours (2). Caufield et al. (17) 
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observed in an in vitro study without serum a bactericidal concentration of 
stannous fluoride of 0.5 to 8 % at 5 minutes contact time for different oral 
bacteria including F.nucleatum. The difference between their and our observati-
ons might be due to the neutralising effect of serum used in our tests to mimic 
the situation in a periodontal pocket. Metronidazole and amoxicillin were 
investigated because previous studies (23, 24, 25) had shown that both drugs, 
systemically applied, can change the composition of the subgingival microflora. 
Metronidazole has to penetrate the bacterial cell and be reduced before it 
interferes with nucleic acid synthesis. These processes together with the local 
redox conditions determine the killing rate (26). In a clinical study the benefits of 
a single dose of metronidazole were both few and transient (27). Based on the 
presently found MBC, the retention times of locally applied metronidazole in 
periodontal pockets might be too short for bactericidal action. Acrylic strip 
delivery systems can extend the contact period of metronidazole and are more 
effective than strips with tetracycline or Chlorhexidine (28). The nature of the 
antimicrobial action of amoxicillin made it unlikely that within the chosen test 
period an MBC could be estimated. Amoxicillin can have a beneficial effect on 
periodontal destruction (24); however, it is not a drug of choice for local applica-
tion or irrigation of periodontal pockets. In conclusion, it has been shown in 
vitro that B.gingivalis, B.intermedins, F.nucleatum, A.actinomycetemcomitans 
and C.sputigena strains can be killed (99.9 % reduction of the bacterial number) 
within 10 minutes with 5 mg/mL Chlorhexidine digluconate in serum or 100 
mg/mL amine fluoride gel in serum. Also stannous fluoride gel 200 mg/mL in 
serum killed within 10 min. 99-9 % of the tested bacteria, except F.nucleatum. 
Further clinical and bacteriological studies are needed to compare the antimicro-
bial activities of Chlorhexidine, amine fluoride gel and stannous fluoride gel for 
disinfection of the periodontal pocket. 
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IV CLEARANCE OF A TOPICALLY APPLIED FLUORESCEIN GEL 
FROM PERIODONTAL POCKETS.* 
PJ M Oosterwaal, F H M Mikx and H H Renggh 
ABSTRACT 
The clearance of a fluorescein gel applied with an irrigation technique in 
periodontal pockets was studied In order to evaluate the time a drug remains in 
a periodontal pocket, the alteration in concentration of this drug in a given time 
period was investigated After application of the gel in four pockets of ten 
patients, samples were taken from one of the four pockets at 5, 10, 20 and 40 
minutes The results show that in the first phase, direct after application, most of 
the gel disappeared from the pocket, while in the second phase the fluorescein 
gel is washed out with a calculated 50 % reduction time of 12,5 minutes 
The rapid clearance of the gel observed after irrigation might provide a partial 
explanation of the minor effect of pocket irrigation on the subgingival microflo-
ra 
INTRODUCTION 
In the treatment of periodontitis antibiotics and disinfectants are used to sup-
press subgingival bacteria Apart from systemic administration of antibiotics, 
antimicrobial drugs may be delivered directly into the periodontal pocket 
thereby providing the possibility of using drugs unsuitable for systemic use 
(Addy 1988) Moreover, by local application, drugs may be applied at higher and 
bactericidal concentrations Methods have been developed to carry agents 
directly to the penodontale pocket Used delivery methods are irrigation of the 
pocket by a fluid or gel containing antimicrobials or slow release devices such as 
fibres and acrylic strips impregnated with antimicrobials and placed in the 
pocket for a period of time (for review see Dubrez 1989) 
Irrigation with stannous fluoride or Chlorhexidine without preceeded debride-
ment has only a limited and transient effect on spirochetes and motile rods 
(Mazza et al 1981, Haskel et al 1986, Lander et al 1986, Wennstrom et al 1987) 
After scaling and rootplamng irrigation with Chlorhexidine does not augment the 
effect of mechanical debridement on microscopical and clinical parameters 
(Khoo & Newman 1983, Braatz et al 1985, Mac Alpine et al 1985, Wennstrom et 
al 1987) The effect of an antimicrobial drug depends on its concentration and 
'Journal of Clinical Penodontology 1990 in press 
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contact time. Recently, minimal bactericidal concentrations at short contact times 
of antimicrobials used in periodontal therapy were determined (Caufield et al. 
1987, Oosterwaal et al. 1989). The length of time a drug applied by irrigation will 
remain in a periodontal pocket appears to be unknown. The fluid flow found in 
such pockets (Waerhaug, 1952; Valazza et al. 1972; Cimasoni, 1983; Villela et al. 
1987) could possibly reduce the concentration of a topically applied drug 
substantially. 
In the present study the clearance of a sodium fluorescein cellulose gel applied 
in human periodontal pockets was investigated. 
MATERIAL AND METHODS 
Ten subjects, 1 male and 9 females, mean age 38 years, with advanced perio­
dontal destruction, consented to participate in this study. They were selected on 
the basis of the presence of at least 4 interdental periodontal pockets of 5-9 mm 
involving single rooted teeth. In the experimental design the criteria of a rando­
mised double blind, controlled clinical trial were followed in order to exclude 
disturbing factors as much as possible (Pocock 1983). In each pocket a fluores­
cein gel pH 7,8 containing 1 % w/v sodium fluorescein, 0,8 % w/v sodium 
chloride and 0,5 % w/v hydroxypropylmethylcellulose 4000 cP in Η,Ο was 
placed in the pockets, buccal to the contact points. The applications were 
performed by one operator using a syringe with a blunted needle with diameter 
of 0,65 mm placed near the bottom of the pocket until the fluorescein gel 
became visible at the entrance of the pocket. Subsequently absorbent paper 
points (nr. 50 Kerr, Basel, CH) were carefully placed to the bottom of the 
pockets and sequentially removed from one of the four selected pockets at 5, 10, 
20 and 40 minutes after application of the sodium fluorescein gel. Thus in every 
patient each pocket was sampled only once. In order to investigate the sprea­
ding of the gel in the pocket sampling was performed not only at the buccal 
side, where the gel was applicated, but also at the lingual side of the contact 
point where no gel was applied. 
After drying of the paperpoints at 37°C for one hour, the points were cut to 4 mm 
lengths and placed into vials containing 1 ml 0,2 M phosphate buffer pH 7,2. The 
fluorescence of these vials measured on a scale from 0-1000 was determined by 
another operator using a fluorimeter (LS-5 Perkin-Elmer, Beaconsfield, UK) at an 
excitation of 480 nm and an emission of 510 nm. The concentration of the 
fluorescein gel in the periodontal pockets was estimated by the use of a calibrati­
on curve. The calibration curve was made by using paperpoints soaked in a 
series of fluorescein gel solution in phosphate buffer in a concentration range of 
300 to 0,3 nmol ml"1. The fluorescence of these paperpoints was determined as 
described above. 
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Table 1. Fluorescence (scale 0-1000) of paperpoints samples taken buccal and lingual of the contact point at different time 
intervals after application of a 1% sodium fluorescein gel at the buccal side of interdental pockets of 5-9 mm. 
Patient 
A 
В 
С 
D 
E 
F 
G 
H 
I 
J 
Median 
Range 
5min. 
100047)·· 
32(7) 
638(8) 
880(7) 
1000'(7) 
100045) 
279(8) 
143(7) 
131(8) 
100047) 
759 
1000·-32 
Buccal samples 
10min. 
218(7) 
265(9) 
100048) 
189(7) 
1000Ч8) 
59(6) 
99(7) 
313(7) 
470(8) 
596(7) 
289 
1000*-59 
20min. 
216(7) 
27(7) 
100049) 
36(7) 
80(7) 
1000*(5) 
100047) 
296(8) 
71(6) 
106(7) 
161 
1000·-27 
40min. 
78(7) 
6(7) 
120(7) 
25(8) 
275(7) 
744(6) 
10(8) 
21(8) 
204(7) 
38(7) 
58 
744-6 
5min. 
1000*(7) 
13(5) 
46(5) 
10(7) 
888(7) 
1000*(6) 
122(5) 
106(6) 
1000Ч7) 
1000·(7) 
505 
1000M0 
Lingual 
10min. 
156(5) 
417(7) 
100047) 
425(8) 
100049) 
626(5) 
286(6) 
862(7) 
82(7) 
1000*(6) 
526 
1000*-82 
samples 
20min. 
945(6) 
20(7) 
100047) 
60(7) 
367(5) 
1(5) 
622(6) 
358(6) 
260(5) 
312(7) 
335 
1000M 
40min. 
59(7) 
6(7) 
176(5) 
171(6) 
315(7) 
2(5) 
57(7) 
17(7) 
1(5) 
112(6) 
58 
315-1 
* Exceeding the scale of measurement 
*· ( ) mm probing depth 
RESULTS 
The fluorescence (scale 0-1000) of the paper point samples taken buccal and 
lingual of the contact point at different time intervals after application of the 
sodium fluorescein gel are presented in Table I. The samples with a fluorescence 
exceeding the scale of measurement were given a value of 1000. 
The fluorescence values showed a large variation. Fluorescence values excee-
ding the scale of measurements were found in 4 of the 10 pockets sampled at 5 
minutes, in 2 of the 10 pockets sampled at 10 minutes and in 3 of the 10 pockets 
sampled at 20 minutes. High and low values were observed in different pockets 
of the same patient (F, G) at different time intervals. There was no indication of a 
correlation between probing pocket depth and the amount of fluorescence. 
The median fluorescence values were calculated due to the large variation. At 
the buccal sides the median fluorescence was 759, 5 minutes after application, 
289, 10 minutes after application, 161, 20 minutes after application and 58, 40 
minutes after application. At the lingual sides the median fluorescence was 105, 
5 minutes after application, 526, 10 minutes after application, 335, 20 minutes 
after application and 58, 40 minutes after application. 
The median fluorescence values of each time interval were used for calculation 
of the median concentration of sodium fluorescein in the paperpoints samples 
by the use of a calibration curve as described in material and methods. Figure 1 
visualizes the decrease of the concentration of fluorescein gel from the pockets. 
The concentration indicated at time zero represents the concentration in the 
applied fluorescein gel. The figure shows that within the first 5 minutes most of 
the gel disappeared from the pocket, while in a later phase the fluorescein gel is 
washed out with a calculated 50 % reduction time of 12,5 minutes. 
The gel applied buccal of the contact point was also observed at the lingual 
sides of the interdental pocket. The median concentrations at the lingual side 
corresponded to those found at the buccal side and decreased at a similar rate. 
DISCUSSION 
Fluorescein gel applied in human periodontal pockets was chosen as a model to 
estimate the clearance of a gel applied by irrigation. The lower the clearance, the 
longer the time a drug remains in the pocket. The clearance depends upon the 
physical and chemical properties of the drug and upon the mechanical behavior 
of the periodontal pocket. Gel applied buccal to the contact point diffuses to the 
lingual side where it is gradually released. High concentrations of fluorescein gel 
were still present in 3 pockets, 20 minutes after application and in 2 pockets, 10 
minutes after application and in 4 pockets 5 minutes after application. This 
suggests that not all investigated pockets reacted in the same way. 
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Figure 1 Median concentrations of sodiumfluorescein in pockets 5, 10, 20 and 
40 minutes after application Fluorescein gel was applied at the buc­
cal side of the interdental pockets while measurements were perfor­
med at both the buccal and lingual sides 
•* concentration in the gel 
• buccal side 
Δ lingual side 
However, in most sites the concentration of the gel in de pockets decreased with 
increasing time intervals 
For the interpretation of the data median values were chosen to reduce the wide 
individual vanations The median values of the concentration of the sodium 
fluorescein gel markedly decreased in the first minutes This decrease is proba­
bly due to the elastic behaviour of the soft tissues of the pocket, to bleeding after 
application and also as a result of spreading of the gel to the lingual side About 
ten minutes after application a steady decrease of the median concentration of 
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the applied fluorescein gel was observed This decrease is linear on a loga-
rithmic scale and enabled the estimation of the 50 % washing out time (12,5 mm) 
of the fluorescein gel It is likely that in this phase the gel disappears by the fluid 
flow through the pocket together with a gradual release from the adherent 
surfaces This phenomenon of washing out could be the explanation for the 
limited effect of local irrigation on subgingival micro-organisms 
Apart from the contact time, the bactericidal effect of a drug depends on its 
concentration However, the concentration of established antimicrobials used 
for irrigation of periodontal pockets is mostly too low to be bactericidal (Cau-
fieldetal 1987, Oosterwaal et al 1989) 
The results of the present study indicate that after irrigation, the bulk of a drug 
applied in the form of fluorescein gel disappears from most of the pockets 
within a few minutes, while in a later phase the applied gel is gradually washed 
out The observed rapid clearance of this gel after local application might at least 
partly be the reason for the limited effect of pocket irrigation on the subgingival 
microflora 
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V SHORT TERM BACTERICIDAL ACTIVITY OF CHLORHEXIDINE 
GEL, STANNOUS FLUORIDE GEL AND AMINE FLUORIDE GEL 
TESTED IN PERIODONTAL POCKETS * 
Ρ J M Oosterwaal, F H M Mikx, M A van 't Hof and H H Renggli 
ABSTRACT 
The short term bactencidal effect of 2 % Chlorhexidine gel, 4 % stannous fluoride 
gel or amine fluoride gel containing 1,25 % fluoride on the subgingival microflo­
ra was determined in 40 periodontal pockets of 10 patients The antimicrobial 
gels or placebo gel were applied in 5-9 mm deep periodontal pockets 3 times 
within 10 minutes Before and 30 minutes after the applications, samples were 
taken of the subgingival microflora for determination of the total number of 
bacteria as well as the number of black pigmented Bacteroides 
Reductions of the total number of bacteria were found in all test groups The 
reductions found in the pockets treated with Chlorhexidine gel or stannous 
fluoride gel were significantly greater than the reduction found in the pockets 
treated with a placebo gel A significant reduction of black pigmented Bacteroi­
des was found after treatment with Chlorhexidine gel or amine fluoride gel It is 
concluded that 2 % Chlorhexidine gel or 4 % stannous fluoride gel has a more 
than 99 % reduction effect on the microflora of periodontal pockets within 30 
minutes after application 
INTRODUCTION 
Periodontal therapy is aimed at the reduction or elimination of the subgingival 
microflora Scaling and root planing decreases the proportions of motile rods 
and spirochetes for a varying period of time (Lindhe et al 1983 Magnussen et al 
1984) and reduces the total number of bacteria and proportion of gram negative 
anaerobes (Walsh et al 1986, Oosterwaal et al 1987, Loos et al 1988) Metroni­
dazole and tetracycline therapy also reduces the total number of bacteria and 
changes the composition of the subgingival microflora (Lindhe et al 1983, Walsh 
et al 1986, van Oosten et al 1987) Beside systemic administration, drugs can be 
applied directly in the periodontal pocket (Goodson et al 1979, Addy et al 1984, 
Dubrez 1989) Local application has the advantage of delivering the antibacterial 
drug directly to the subgingival bactena, increases the range of suitable antimi­
crobials and offers the possibility to use higher concentrations of the drugs 
Local application of drugs has been performed alone or as an adjunct to mecha­
nical debridement leading to varying results Chlorhexidine and stannous 
'Journal of Clinical Penodontology 1991 in press 
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fluoride irrigation without preceded mechanical debridement has only a limited 
and transient effect on spirochetes and motile rods (Mazza et al 1981, Haskel et 
al 1986, Lander et al 1986, Wennstrom et al 1987) After scaling and rootpla-
ning subgingival irrigation with Chlorhexidine does not augment the effect of 
mechanical debridement on microscopical and clinical parameters (Khoo & 
Newman 1983, Braatz et al 1985, MacAlpine et al 1985, Wennstrom et al 1987) 
or cultivated microorganisms (Wennstrom et al 1987) In vitro studies have 
shown that antimicrobial drugs such as Chlorhexidine, stannous fluoride and 
amine fluoride can kill bacteria at short contact times (Caufield et al 1987, Salem 
et al 1987, Oosterwaal et al 1989) The aim of the present study was to investi-
gate m vivo the bactericidal effect of Chlorhexidine gel, stannous fluoride gel 
and amine fluoride gel on the subgingival microflora 
MATERIAL AND METHODS 
Ten patients, one male and nine females, aged 28-57 years (mean age 38 years) 
with advanced periodontal destruction consented to participate in this study. 
They were selected on the basis of the presence of at least 4 periodontal pockets 
of 5-9 mm affecting single rooted teeth, associated with bleeding after probing, 
alveolar bone loss and attachment loss At least 3 months before the start of this 
study the patients received oral hygiene instruction and the pockets were 
debnded with ultrasonic instruments (Dentsply Cavitron with TF 1-10 tip, 
Cavitron Corp, Long Island City, NY, USA) and hand instruments (Gracey 
curettes, Hu-Fnedy, Chicago, 111, USA) The subjects had not received any 
antibiotics in the previous 6 months nor did they have a history of any systemic 
disease 
In the expenmental design the criteria of a randomised double blind, controlled 
clinical trial were followed in order to exclude disturbing factors as much as 
possible (Pocock, 1983) In every patient 4 interdental pockets were selected 
and randomly assigned to one of the following treatments application of a 
placebo gel, a Chlorhexidine gel, a stannous fluoride gel or an amine fluoride 
gel The placebo gel was a methylcellulose gel containing 4 % w/w methylcellu-
lose 400 cP, 12 75 % w/w glycerol, 0,006 % v/w peppermint oil and 2 % w/w 
methylparahydroxybenzoate The Chlorhexidine gel contained the same 
methylcellulose gel with 2 % w/w Chlorhexidine digluconate The stannous 
fluoride gel contained methylcellulose gel with 4 % stannous fluoride The 
amine fluoride gel was the commercially available amine fluoride gel containing 
1,25 % fluoride (Elmex" 1,25 % gelée Gaba, Basel, CH) The selected sites were 
subjected to clinical and microbiological examination to obtain the baseline 
data In the same session the gels were applied subgingivally by one investigator 
using a syringe with a blunted needle with a diameter of 0,65 mm placed near 
the base of the pocket The applications were performed 3 times within 10 
minutes, to ensure that the gels stayed long enough in the pockets to be bacteri-
cidal (Oosterwaal et al 1990) 
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Subgingival plaque sampling was repeated 30 minutes after the last application 
of the gels. Clinical measurements and plaque sample collection as well as 
culture studies of the collected samples were performed by a second investiga­
tor. The investigators were not informed about the type of treatment assigned to 
the particular pocket nor was the patient. 
Microbial examination 
At the test sites, the supragingival plaque was carefully removed and subse­
quently the subgingival plaque samples were taken by introducing an endodon­
tic broach into the periodontal pockets until resistance was detected, then the 
broach was rotated and removed (Коек-van Oosten & Mikx 1980). The part of 
the broach containing the sample was cut off and immediately suspended in 1 
ml of prereduced transport fluid (RTF; Syed & Loesche 1972). The samples were 
introduced in an anaerobic isolator (85 % N2, 10 % C0 2 and 5 % H2) and disper­
sed by vortexing for 60s followed by aspirating and expelling the suspension 3 
times through a syringe using a needle with a diameter of 0,4 mm. 
The plaque suspension was diluted 10 fold in prereduced saline up to IO"4 
dilution. From each dilution 0,1 ml was plated on prereduced enriched cysteine 
blood agar plates (ECBA) containing 25 g L ' Brain Heart Infusion (Difco), 10 g L ' 
Peptone (Difco), 20 g L'1 Bacto-Agar (Difco), 1 g L' KNO,, 1 g L ' sodium formate, 
1 g L1 sodium succinate, 5 ml L1 haemine, 1 mg L1 menadione and 100 ml 
defibrinated sheep blood. After anaerobic incubation for 7 to 8 days the total 
number bacteria as well as the black pigmented Bacteroides colonies were 
counted. 
Statistical methods 
Statistical analyses were carried out on the counts after loglO transformation. 
Differences over time were tested by the paired t-test. The decrease in time may 
easily be transformed into percentage reduction. Differences between treatment 
groups were tested using one way ANOVA. 
Results 
The comparison of the total counts of cultivated bacteria of the subgingival 
plaque of periodontal pockets before and after local application of antimicrobial 
and placebo gel are presented in Table I. Before gel applications the means of 
total colony forming units (cfu) were similar for all groups. The log 10 cfu varied 
from 5.8 to 6.0. Thirty minutes after local application of the placebo gel a 
significant reduction for the total bacteria of 84.5 % was observed. Chlorhexidine 
application showed a mean decrease of 99.4 %. The local application of stan­
nous fluoride gel and amine fluoride gel gave a mean reduction of respectively 
99-7 % and 97.2 %. 
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00 Table I. Comparison of the mean counts of cultivated bacteria of the subgingival plaque of periodontal pockets 
before and 30 minutes after local application of antimicrobial or placebo gel in periodontal pockets. 
Applied 
Chlorhexidine 2% 
Amine fluoride" 
Stannous -
fluoride 4% 
Placebo 
Analysis of variance 
Mean 
pocket 
7.1 
7.2 
7.2 
7.2 
depth 
Before 
application 
6,0a tO,! 1 1 
5,8 ±0,2 
5,810,2 
6,0 ± 0,2 
p = 0,8d 
a
 mean cfu (in log 10 of counts) 
ь
 standard error (in log 10 of counts) 
c
 95% confidence interval 
d
 ρ values between the groups 
* significant reduction ρ < 0,001 
After Reduction % 
application 
3,7 ±0,4 (96,1)1 99,4* (99,9)c 
4,2 ±0,4 (84,9) 97,2' (99,5) 
3,2 ±0,3 (98,9) 99,7* (99,9) 
5,1 ±0,3 (58,2) 84,5' (94,3) 
ρ = 0,005 ρ = 0,0007 
Table II Companson of the counts of black pigmented Bacterotdes of the subgingival plaque before and 30 
minutes after local application of antimicrobial or placebo gel in periodontal pockets 
Applied 
Chlorhexidine 2% 
Amine fluoride" 
Stannous -
fluoride 4% 
Placebo 
Analysis of variance 
Mean 
pocket depth 
7 1 
7 2 
7 2 
72 
Before 
application 
2,4' ± 0,7b 
2,4 ±0,7 
2,2 ± 0,8 
2,0 ± 0,8 
Ρ-0,9* 
a
 mean cfu (in log 10 of counts) 
ь
 standard error (in log 10 of counts) 
c
 95% confidence interval 
d
 ρ values between the groups 
* significant reduction ρ < 0,001 
After Reduction % 
application 
0,2 ±0,2 (75,5Χ 99,4* (99,9)c 
0,4 ±0,4 (57,6) 99,1* (99,9) 
0,6 ±0,2 (0,0) 97,7 (99,9) 
1,0 ±0,5 (0,0) 88,8 (99,8) 
ρ = 0,5 ρ = 0,6 
The reduction of total colony forming units found in pockets treated with 
Chlorhexidine and stannous fluoride gel were significantly different (p < 0.05) 
from the reduction found in pockets treated with the placebo gel. 
The effects of the gels on the cfu of black pigmented Bacteroides species are 
presented in Table II. Both before and after application no significant differences 
were observed between the treatment groups. A significant reduction in log 10 
cfu of black pigmented Bacteroides species from respectively 2.4 to 0.2 and 0.4 
was found after treatment with Chlorhexidine and amine fluoride gel. Placebo-
and stannous fluoride gel application did not significantly influence the total 
count of black pigmented Bacteroides species. 
DISCUSSION 
In previous studies the in vitro bactericidal concentrations of Chlorhexidine, 
stannous fluoride and amine fluoride within short contact times have been 
established (Caufield et al. 1987, Oosterwaal et al. 1989). It was concluded, that 
in most pocket irrigation studies the Chlorhexidine concentrations were too low 
for local bactericidal action. In the present study the antibicrobials were applied 
in periodontal pockets at high concentrations in order to verify in vivo the 
previously observed short term in vitro effects (Oosterwaal et al. 1989). The 
antimicrobial gels were applied three times within ten minutes to ensure that the 
contact times were long enough to reach a bactericidal effect. This application 
scheme was based upon clearance data collected in this laboratory (Oosterwaal 
et al. 1990). A placebo was included to recognize non specific effect. 
In this study the pockets functioned as a model for the measurement of reducti-
on of bacterial numbers. While in practice before or during disinfection surfaces 
are cleaned, the pockets were not debrided, because debridement reduces the 
bacterial content of pockets to such an extent that further reductions by antimi-
crobials are beyond detection level (van Oosten et al. 1987, Wennström et al. 
1987). It was found that all applications significantly reduced the number of 
cultivable bacteria. The reduction by the placebo gel probably showed the 
washing out effect of repeated application of a gel in a pocket. 
The Chlorhexidine digluconate and stannous fluoride gels had besides 2 % 
Chlorhexidine or 4 % stannous fluoride the same composition as the placebo gel. 
Both gels gave a significantly stronger reduction of the cultivated bacteria than 
the placebo gel. The reductions of the subgingival bacteria by 99,4 % with the 
Chlorhexidine gel and 99,7 % by the stannous fluoride gel are comparable with 
the effects of mechanical debridement. (Oosterwaal et al. 1987, Loos et al. 1988). 
A same conclusion is drawn in the comparison of mechanical debridement and 
local release devices (Dubrez, 1988). Comparisons of the short term effects of 
the present topically applied gels and local release devices cannot be made 
because in contrast to the present study on gels, the local release devices 
remained 3 days to 12 weeks in the periodontal pockets and placebo devices are 
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commonly not included in those studies For review see Dubrez, 1988 
The observed short term effect of 2 % Chlorhexidine gel was different from the 
minor and transient effects observed by Lander et al (1986) and was probably 
due to the use of a different Chlorhexidine concentration (Oosterwaal et al 
1989) The amine fluoride gel showed no significant difference with the placebo 
gel An unexpected result which was different from m vitro effects of amine 
fluoride gel on subgingival bacteria (Oosterwaal et al. 1989) and which emphasi­
ses the importance of ш vwo evaluation of m vitro findings Amine fluoride gel 
and Chlorhexidine gel significantly reduced (99 %) the number of black pigmen­
ted Bacteroides This indicates that m vwo black pigmented Bacteroides species 
are sensitive for amine fluoride gel and 2 % Chlorhexidine gel. 
It is plausible that the observed short term action will be of the same magnitude 
in debrided pockets Theoretically the effects of debridement and application of 
an antimicrobial gel are additive and would lead to an estimated IO3 to IO" fold 
reduction Provided that the applied antimicrobial gels reach all colonized 
surfaces (Pitcher et al 1982) it is speculated that remaining bacteria would be 
eliminated from the subgingival domain by the host response 
Whether the local application of antimicrobial gels would be of importance for 
periodontal maintenance programs has to be investigated Further studies are 
needed to find out whether the observed reduction of subgingival bacteria by 
the short term action of locally applied antimicrobial gels results in clinical 
improvements 
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VI COMPARISON OF THE AOTIMICROBIAL EFFECT OF THE 
APPLICATION OF CHLORHEXIDINE GEL, AMINE FLUORIDE 
GEL AND STANNOUS FLUORIDE GEL IN DEBRIDED PERIO-
DONTAL POCKETS.* 
P.J.M. Oosterwaal, F.H.M. Mikx, M.A. van 't Hof and H.H. Renggli 
ABSTRACT 
The clinical and microbiological effect of locally applied Chlorhexidine gel 2 %, 
amine fluoride gel 1,25 %, stannousfluoride gel 4 % or placebo gel in 40 perio-
dontal pockets of 10 patients were studied. The gels were applied 3 times within 
10 minutes after mechanical debridement of the pockets. The treatment effect on 
the subgingival microflora was evaluated by microscopic and culture studies of 
the subgingival plaque samples. In addition, supragingival plaque, bleeding 
after probing and probing pocket depth were scored. Examinations were carried 
out before and during a period of 36 weeks after treatment. At the start the 
cultured microflora consisted mainly of anaerobic Gram positive bacteria. 
Following treatment the clinical parameters were significantly reduced. Conco-
mitantly the percentages of spirochetes, motile rods and non motile rods 
decreased significantly. A significant decrease was also found in the total 
anaerobic count, whereas the facultative counts remained at the same level 
found before treatment. This suggested that the treatment resulted in a mainly 
facultative subgingival microflora. The percentage Gram negative rods showed a 
significant reduction after treatment but returned to base line at week 12. 
Statistical analysis of the bacteriological and clinical examinations failed to 
demonstrate any significant differences between the 4 treatment groups. Thus, 
in comparison to the placebo gel, subgingival application of Chlorhexidine gel 2 
%, amine fluoride gel 1,25 % or stannousfluoride gel 4 % did not augment the 
effect of mechanical debridement on bacteriological and clinical parameters 
during the experimental period of 36 weeks. However the indicated treatments 
resulted in a facultative subgingival microflora which is compatible with the 
host. 
INTRODUCTION 
The most common destructive disease of the periodontal attachment apparatus 
is initiated by oral microflora. In particular spirochetes and Gram negative 
facultative and anaerobic bacteria have been associated with periodontitis (Slots 
et al. 1979, Loesche et al. 1985, Savia & Socransky 1984). The major approach to 
' Submitted to the Journal of Clinical Penodontology 
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prevention and treatment of periodontitis is the removal of supra- and subgingi 
val plaque. Subgingival application of antimicrobial agents has been suggested 
as an adjunct to the mechanical debridement of periodontal pockets (Mazza et 
al. 1981, Soh et al. 1982, Rosling et al. 1983). Clear benefits for adjunctive use of 
antimicrobial drugs has not always been established and it is unclear what 
influence chemotherapy has on the composition of the subgingival microflora 
and the recurrence of the disease process (Addy 1988). Topically applied 
disinfectants are only briefly in contact with the subgingival bacteria. In order to 
influence the composition of the subgingival microflora preference should be 
given to antimicrobial drugs which are bactericidal at clinically attainable 
concentrations during short contact times. In previous studies Chlorhexidine has 
been frequently used for irrigation of the pocket at a concentration of 0,2 % (Soh 
et al. 1982, Lander et al. 1986, Wennström et al. 1987). However recent studies 
indicate that this used concentration is to low to be bactericidal (Caufield et al. 
1987, Oosterwaal et al. 1989) while the contact times after a single irrigation of 
the pockets are probably very short. The present study was designed to evaluate 
the effect of repeated subgingival applications of 2 % Chlorhexidine-, 1,25 % 
amine fluoride - or 4 % stannous fluoride gel in periodontal pockets after 
mechanical debridement. The placebo and the antimicrobial agents were 
applied as gels to extent their contact times. In addition to the clinical effects 
special attention was given to prolonged effects of the treatment on the subgin-
gival microflora. 
MATERIAL AND METHODS 
10 patients, 4 male and 6 female, aged 33-62 years (mean age 48 years) took part 
in the study. The patients were referred to the Department of Periodontology, 
University of Nijmegen, for treatment of advanced periodontitis. Selection of 
patients was based on the presence of at least 4 interdental pockets of 7-9 mm 
affecting single rooted teeth, associated with bleeding after probing, alveolar 
bone loss and attachment loss. The subjects had not received any antibiotics in 
the previous 6 months nor did they have a history of any systemic disease. Non 
of the female subjects were aware of being pregnant. All patients were informed 
about the study and were willing to participate. Before and during the study the 
subjects were informed how to remove plaque with toothbrushing and interden-
tal cleansing according to individual needs. In the experimental design the 
criteria of a randomised double blind, controlled clinical trial were followed in 
order to exclude influencing factors as much as possible (Pocock 1983). In every 
patient 4 pockets were selected and subjected to mechanical debridement with 
hand instruments (Gracey curettes, Hu-Friedy, Chicago, 111., USA) or ultrasonic 
instruments (Dentsply Cavitron with TF1-10 tip, Cavitron Corp. Long Island City, 
NY, USA). After debridment the selected pockets were randomly assigned to 
application of one of the following gels. The placebo was a methylcellulose gel 
containing 4 % w/w methylcellulose 400 cP; 12.75 % w/w glycerol; 0,2 % w/w 
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methylparahydroxybenzoate and 0,006 % v/w peppermint oil A Chlorhexidine 
gel containing methylcellulose gel with 2 % w/w Chlorhexidine digluconate A 
stannousfluonde gel containing methylcellulose gel with 4 % stannousfluoride 
The amine fluoride gel was the commercial available amine fluoride gel contai­
ning 1,25 % fluoride (Elmex", Gaba, Basel, CH) To obtain the base line data, the 
selected sites were subjected to comprehensive clinical and microbiological 
examinations After scaling and root planing procedures, the gels were applied 
by one investigator, using a synnge with a blunted needle with a diameter of 
0,65 mm placed in proximity to the bottom of the pocket To ensure that the gels 
stayed long enough in the pocket to be bactencidal the applications were 
performed 3 times within 10 minutes (Oostenvaal et al 1990) Examinations 
were carried out 4, 12 and 36 weeks after base line, to monitor the clinical and 
microbiological changes as well as to give the patients additional oral hygiene 
instructions according to individual needs The pockets not included in the 
study, were scaled and root planed within 4 weeks after the start of the trial 
Clinical measurements and collection of plaque samples as well as culture 
studies and microscopic examinations of the collected samples were performed 
by two investigators These investigators were not informed about the type of 
treatment assigned to the particular pocket, nor was the patient 
Clinical examination 
The clinical parameters included bleeding after probing to the bottom of the 
pocket on a dichotomous scale, probing depth measured to the nearest millime­
ter by a Borodontic pressure probe, 26 g (Bondent В V, Waalwijk, NL) The 
presence or absence of supragingival plaque at the gingival margin was recor­
ded with a disclosing dye (Displaque, Cooper Care Ine , Fairfield, NY, USA) 
Microbial examination 
At the test sites, the supragingival plaque was carefully removed and subse­
quently, the subgingival plaque samples were taken by introducing an endodon­
tic broach (Colonnox, Maillefer, CH) into the periodontal pocket until resistance 
was detected (Коек-van Oosten & Mikx 1980, Oosterwaal et al 1987) The tip of 
the broach containing the sample was cut and immediately suspended in 1 ml of 
prereduced transport fluid (RTF, Syed & Loesche 1972) The bacterial suspensi­
on was dispensed by vortexing for 60S and by aspirating and expelling the 
suspension 3 times through a synnge equipped with a needle with a diameter of 
0,4 mm The homogenized plaque suspension was diluted 10 fold in prereduced 
saline up to 104 dilution From each dilution 0,1 ml was plated on different agar 
media The media used were ennched blood agar (EBA) containing 25 gL1 
Brain Heart Infusion (Difco), 10 gL ' peptone (Difco), 20 gL ' Bacto-Agar (Difco), 
1 gL ' KNOj, 1 gL1 sodiumformate, 1 gL ' sodium succinate, 5 mg L ' haemin, 1 
mg L1 menadione and 100 ml defebnnated sheep blood, ECBA containing in 
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addition 1 g L ' cysteine -HCl H¿0, ЬСВАК containing 50 mg L ' of kanamycin, 
crystal-violet-erythromycin agar (CVE, Walker et al 1979) and seaim-bacitracin-
vancomycin agar (TSBV, Slots 1982) Handling of the samples was carried out in 
an anaerobic glove box (Coy, Ann Arbor, USA) with 85 % N„ 10 % C0 2 and 5 % 
H2 The EBA and TSBV agar plates were incubated in )ars with air and 10 % C0 2 
All other plates were incubated for 7 to 8 days in the anaerobic glove box The 
total number bacteria and black pigmented Bacteroides species were counted 
on ECBA plates In addition, black pigmented Bacterotdes species were counted 
on FCBAK plates, Capnocytophaga species on CVE plates and Actmobacillus 
actinomvcetemcomitans on TSBV plates The total number of facultative 
bacteria were counted on FBA plates The composition of the anaerobic and 
facultative microflora was determined by gram staining and cell morphology of 
30 randomly picked colonies from the ECBA plates incubated anaerobically as 
well as from the FBA plates incubated in jars with air and 10 % C0 2 
Microscopy 
5 ml of homogenized bacterial suspension in RTF was applied to a microscopic 
slide and cover-slipped The slides were examined within 60 minutes after 
collection by dark-field microscopy at a magnification of χ 1000 Five bacterial 
groups namely coccoid cells non-motile rods, fusiforme, spirochetes and motile 
rods were counted in randomly selected microscopic fields up to 200 cells per 
sample (Listgarten & Heiklen 1978) 
Statistical methods 
Standard statistical analyses were earned out directly on the measurements 
except the bacterial counts for which the '"log-transformation was used In order 
to check the randomisation the initial values were compared using the one-way-
ANOVA for the 4 treatment levels The tests for treatment effects during the 
course of the study were based on the increments with respect to the initial 
value using one-way-ANOVA The overall behavior of the clinical parameters, 
dark field counts and culture study over time were tested using the paired t-test 
RESULTS 
The clinical parameters measured during the period of 36 weeks are shown in 
Figure 1 At the start of the experiment there were no differences between the 
treatment groups for the three vanables probing depth, bleeding scores and 
plaque scores Following treatment the mean probing depths reduced from 7,6 ± 
0,7 mm to 4,7 ± 1,0 mm, the mean bleeding scores reduced from 1,0 ± 0,0 to 0,2 
± 0,4 12 and 36 weeks after treatment The plaque scores decreased from 0,9 ± 
0,4 to 0,3 ± 0,5 The values found after treatment stayed significantly different 
from those found at start (paired t-test) 
58 
PROBING DEPTH 
PROBING DEPTH (mm) 
0 4 β 12 1β 20 24 28 32 36 40 
WEEKS 
BLEEDING SCORE 
BLEEDING SCORE 
0 4 8 12 W 20 24 28 32 38 40 
WEEKS 
PLAQUE SCORE 
PLAQUE SCORE 
0 4 В 12 18 20 24 28 32 38 40 
WEEKS 
I placebo ШЯ Chlorhexidine ¡ИЗ aminfluoride I I stannousfluoride 
Fig.l. 
Results from clinical measurements: means of probing depths, bleeding scores 
and plaque scores. 
mean values at week 4,12 and 36 significant different from week 0,p<0,05 
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Fig. 2. 
Results from dark field microscopy: mean percentages of coccoid cells, non 
motile rods, motile rods and spirochetes. 
mean values at week 4,12 and 36 significant different from week 0,p<0,05 
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Fig.3. 
Results from culturing: means of number of the total anaerobic count, the 
facultative count, black pigmented Bacteroides species and Capnocytophaga 
species. 
' mean values significant different from week 0,p<0,05 
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No statistically significant differenceswere found between the 4 treatment 
groups at the different moments of measurements (one way) 
Dark field counts of the subgingival plaque samples (Fig 2) showed no statisti-
cally significant differences between the 4 treatment groups at start and during 
the experimental period (one-way-ANOVA on increments) After treatment, the 
percentages of spirochetes, motile rods and non motile rods decreased signifi-
cantly whereas the percentage of coccoid cells concomitantly increased from 58 
% ± 10 to 94 % ± 6 (paired t-test) The culture studies showed no significant 
differences between the treatment groups at the start of the experiment (one-
way-ANOVA) (Figure 3). After treatment a significant decrease was found of the 
total anaerobic count during the experimental penod (paired t-test) A signifi-
cant decrease was also found for the mean values of the Capnocytophaga 
species 12 and 36 weeks after treatment and the black pigmented Bacteroides 
species 12 weeks after treatment (paired t-test) At the end of the experimental 
period the number of black pigmented Bacteroides species returned to base line 
values In none of the patients was Acttnobacillus actmomycetemcomitans 
detected. The total anaerobic count included the anaerobic and facultative 
bacteria that were able to grow on enriched blcx)d agar At the start of the 
experiment the mean anaerobic count was 8,5 10'' colony forming units (cfu) per 
ml almost 10 times higher than the mean facultative count 1,2 lO^ cfu per ml 
Treatment reduced the anaerobic counts while the facultative counts remained 
at the same level No sigmhcant differences in the cultured bacteria were 
observed between the four treatment groups during the experimental period 
(one-way-ANOVA on increments) The results of the Gram-stain preparations of 
the anaerobic and facultative grown bacteria are shown in Table I The composi-
tion of the cultured microflora was mainly Gram positive (70 %) at the start while 
4 weeks after treatment the Gram positive cocci (38 %) and rods (46 %) formed 
84 % of the total anaerobic count. This proportion decreased to base line values 
at week 12 From the anaerobic cultured bacteria the percentage Gram negative 
rods showed a significant reduction 4 weeks after treatment but returned to base 
line at week 12 The percentages Gram positive cocci also showed a significant 
decrease at week 12 whereas the Gram negative cocci of both the anaerobic and 
facultative grown bacteria significantly increased at week 12 compared to base 
line (paired t-test) 
DISCUSSION 
The random selection of the experimental sites and double blind handling of the 
sample resulted in 4 groups of 10 expenmental sites of which the clinical and 
microbiological measurements were found to be similar Debridement of the 
periodontal pockets resulted in a significant decrease of probing depths and 
bleeding scores This is in accordance with previous findings (Baderstèn et al 
1981, 1984, Lindhe & Nyman 1985, van Oosten et al 1987, Wennstrom et al 
1987, Oosterwaal et al 1987, Loos et al 1988) Clinically, the effect of debnde-
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Table 1. Total anaerobic and facultative counts of the subgingival samples 
taken at start, 4 and 12 weeks after treatment and application of 
placebo and antimicrobial gels. 
start week 4 week 12 
P CH AmH SnF Ρ CH AmF SnF Ρ CH AmF SnF 
) Total anaerobic count 
gram+cocci 
gram+rods 
gram-cocci 
gram-rods 
Total cfu" 
m 
sd 
34' 
(18) 
38 
(20) 
8 
(8) 
20 
(20) 
6,1 
0,5 
% Facultative count 
gram+cocci 
gram+rods 
gram-cocci 
gram-rods 
Total t fu" 
m 
sd 
28' 
(27) 
59 
(24) 
9 
(14) 
4 
(11) 
5,3 
0,6 
25 
(24) 
41 
(24) 
6 
(5) 
28 
(14) 
5,8 
0,6 
42 
(34) 
46 
(35) 
4 
(4) 
8 
(13) 
4,8 
0,9 
29 
(14) 
44 
(22) 
5 
(5) 
22 
(17) 
6,0 
0,4 
35 
(21) 
50 
(24) 
7 
(8) 
8 
(15) 
5,2 
0,6 
29 
(19) 
41 
(2-0 
7 
(5) 
23 
(17) 
5,9 
0,5 
42 
(35) 
49 
(38) 
5 
(4) 
4 
(4) 
4,9 
0,6 
35 
(26) 
50 
(27) 
9 
(7) 
6 
(7) 
5,3 
0,8 
32 
(35) 
55 
(34) 
10 
(9) 
3 
(5) 
5,1 
0,7 
38 
(23) 
47 
(25) 
9 
(10) 
6 
(6) 
5,4 
0,8 
35 
(30) 
52 
(29) 
9 
(8) 
4 
(6) 
5,1 
0,9 
48 
(30) 
37 
(25) 
10 
(8) 
5 
(8) 
5,2 
1,0 
40 
(33) 
52 
(34) 
5 
(8) 
3 
(4) 
4,9 
0,7 
31 
(22) 
52 
(27) 
12 
(ID 
5 
(12) 
5,4 
0,6 
30 
(27) 
54 
(33) 
9 
(7) 
7 
(11) 
5,1 
0,5 
14 
(16) 
46 
(29) 
15 
(13) 
25 
(28) 
5,1 
0,8 
28 
(20) 
46 
(27) 
14 
(11) 
12 
(15) 
4,6 
0,8 
19 
(16) 
44 
(27) 
22 
(12) 
15 
(15) 
5,2 
0,8 
24 
(17) 
48 
(24) 
17 
(17) 
11 
(13) 
4,9 
0,9 
22 
(17) 
30 
(20) 
19 
(14) 
29 
(32) 
5,0 
0,6 
40 
(34) 
41 
(28) 
11 
(10) 
8 
(9) 
4,7 
0,6 
20 
(21) 
43 
(32) 
22 
(20) 
15 
(14) 
4,9 
1,0 
29 
(20) 
45 
(31) 
17 
(9) 
9 
(12) 
4,8 
0,9 
* mean percentage and standard deviation ( ) "login mean and standard deviation 
Ρ = Placebo gel 
CH - Chlorhexidine gel 2 % 
AmF - Amine fluoride gel 1,25 % 
SnF - Stannous fluoride gel 4 % 
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ment and topical irrigation of pockets with Chlorhexidine gel 2 %, amine fluonde 
gel 1,25 % or stannousfluonde gel 4 % did not differ from the effect of mecha-
nical debridement and irrigation with the placebo gel which is in accordance 
with the observations on Chlorhexidine irrigation of Wennstrom et al (1987) 
The bacteria in the advanced periodontal pockets were mainly Gram positive 
cocci and rods This is in contrast with observations of Slots et al (1977) who 
found in the microflora of advanced periodontitis predominantly Gram negative 
bacteria This indicates that the investigated group of patients had a different 
form of periodontitis than the patients studied by Slots et al (1977) The signifi-
cant decrease of Gram negative rods is in accordance with the findings of 
Wennstrom et al (1987) However in our study the Gram negative rods returned 
to base line values at week 12 while in the study of Wennstrom et al (1987) the 
Gram negative anaerobic rods stayed reduced during the entire post treatment 
period of 12 weeks 
From m vitro studies (Caufield et al 1987, Oosterwaal et al 1989) it is known, 
that at the given concentrations, the applied antimicrobials are bactericidal after 
10 minutes contact time A gel applied in a pocket by irrigation disappears 
within a few minutes (Oosterwaal et al 1990), therefore the antimicrobial gels 
were applied in this study 3 times within 10 minutes Such an application 
scheme can give a 102 fold reduction of the subgingival microflora (Oosterwaal 
et al 1991) Also debridement of pockets gives a 10 to 102 fold reduction of the 
bacterial counts (Oosterwaal et al 1987, Loos et al 1988) Theoretically the 
effects of debridement and local application of antimicrobial gels are additive 
and would lead to an estimated 10' to 104 fold reduction of the bacterial count 
This means that in a pocket with 106 bacteria, treatment would leave behind 102-
103 bacteria It is probably those bacteria that recolonize the subgingival area 
Reestablishment of the microflora by the activity of supragingival plaque 
(Mousques et al 1980, Magnusson et al 1984) is unlikely to be a main factor in 
the present study, because after treatment, supragingival plaque was found at 
only 30 % of the experimental sites 
The reduction of the total anaerobic flora including spirochetes and the stability 
of the facultative flora indicates that the treatment mainly effected the anaerobic 
members although black pigmented Bacteroides species were not eliminated 
This reduction of the total anaerobic flora is probably an indirect effect induced 
by the change of the local environment and the lack of the subgingival anaerobic 
microflora to recolonise, due to the reduction of the inflammation and gingival 
fluid flow (Cimazoni 1983) In healthy gingival sulci the microflora consists 
mainly of facultative bacteria (Slots et al 1979) The reductions of probing 
depths and bleeding scores as well as the shift to a mainly facultative subgingival 
microflora in the absence of Actinobacillus actmomycetemcomitans in this 
study indicate that the experimental pockets changed from diseased into non-
diseases sites Topical imgaton of pockets with Chlorhexidine gel 2%, amine 
fluoride gel 1,25 %, or stannous fluonde gel 4 % did not augment this effect of 
mechanical debridement and placebo gel application 
64 
REFERENCES 
Addy, M (1988) Rational for chemotherapy in the treatment of periodontal 
disease Penodontology Today, Basel Karger, S 281-289 
Badersten, A , Nilvéus, R & Egelberg, J (1981) Effect of nonsurgical periodontal 
therapy I Moderately advanced periodontitis Journal of 'Clinical Penodontolo-
gy 8,51-12 
Badersten, A , Nilvéus, R & Egelberg, J (1984) Effect of nonsurgical periodontal 
therapy II Severely advanced periodontitis Journal of Clinical Penodontology 
11, 63-67 
Caufield, PW, Allen, DN & Childers, NK (1987) In vitro susceptibilities of 
suspected penodontopathic anaerobes as determined by membrane transfer 
assay Antimicrobial Agents Chemotherapy 12, 1989-1993 
Cimasom, G (1983) Crevicularfluid updated Monographs in oral science, vol 
12, ed Meyers, H M Basel Karger, S 
Коек-van Oosten, M А С & Mikx, EHM (1980) A study of sampling methods of 
the microflora in periodontal pockets in humans and animals Journal of 
Clinical Penodontology 7, 341 
Lander, Ρ E , Newcomb, G M , Seymour, G J & Powell, R N (1986) The antimi­
crobial and clinical effects of a single subgingival irrigation of Chlorhexidine m 
advanced periodontal lesions Journal of Clinical Penodontology 13, 74-80 
Lindhe, J & Nyman, S (1985) Scaling en granulation tissue removal in penodon-
tal therapy Journal of Clinical Penodontology 12, 374-388 
Listgarten, M A & Helldén, L (1978) Relative distribution of bacteria at clinically 
healthy and penodontally diseased sites m humans Journal of Clinical Peno-
dontology 5, 115-132 
Loesche, WJ , Syed, S A , Schmidt, E & Morrison, E С (1985) Bacterial profiles 
of subgingival plaques in periodontitis Journal of Penodontology 56, 447-456 
Loos, В , Claffey, N & Egelberg, J (1988) Clinical and microbiological effects of 
root debridement in penodontal furcation pockets Journal of Clinical Peno­
dontology 15, 453-463 
65 
Magnusson, I, Lindhe, J , Yoneyama, Τ & Liljenberg, В (1984) Recolonisation of 
a subgingival microbiota following scaling in deep pockets Journal of Clinical 
Penodontology 11,193-207 
Mazza, J E , Newman, M G & Sims, Τ Ν (1981) Clinical and antimicrobial effect 
of stannous fluoride cm periodontitis Journal of Clinical Penodontology 8, 203-
212 
Mousquès, Τ, Listgarten, M A & Phillips, R W (1980) Effect of scaling and 
rootplamng on the composition of the human subgingival microbial flora 
Journal of Periodontal Research 15,144-151 
Oostenvaal, PJ M , Matee, M I, Mikx, F H M , van 't Hof, M A & Renggli, H H 
(1987) The effect of subgingival debridement with hand and ultrasonic instru­
ments on the subgingival microflora Journal of Clinical Penodontology, 528-
533 
Oosterwaal, PJ M , Mikx, F H M , van den Bnnk, Μ E. & Renggli, H H (1989) 
Bactericidal concentrations of chlorhexidine-digluconate, amine fluoride gel and 
stannous fluoride gel for subgingival bacteria tested in serum at short contact 
times Journal of Penodontal Research 24, 155-160 
Oosterwaal, Ρ J M , Mikx, F Η M & Renggli, H H (1990) The clearance of a 
topically applied cellulose gel from periodontal pockets Journal of Clinical 
Penodontology, in press 
Oosterwaal, PJ M , Mikx, F H M , van 't Hof, M A & Renggli, H H (1991) Short 
term bactericidal activity of Chlorhexidine gel, stannous fluoride gel and amine 
fluoride gel tested in periodontal pockets Journal of Clinical Penodontology, in 
press 
Pocock, S J (1983) Clinical tnals New York Wiley, J &Son 
Rosling, B G , Slots, J , Webber, RL, Chnstersson, LA & Genco, RJ (1983) 
Microbiological and clinical effects of topical subgingival antimicrobial treatment 
on human periodontal disease Journal of Clinical Penodontology 10, 487-514 
Savitt, E D & Socransky, S S (1984) Distribution of certain subgingival microbial 
species in selected periodontal conditions Journal of Penodontal Research 9, 
111-113 
Slots, J (1977) The predominant cultivable microflora of advanced periodontitis 
Scandinavian Journal of Dental Research 85,114-121. 
66 
Slots, J (1979) Subgingival microflora and periodontal disease Journal of 
Clinical Penodontology 6, 351-382 
Soh, L L , Newman, Η N & Strahan, J D (1982) Effects of subgingival Chlorhexi­
dine irrigation on periodontal inflammation Journal of Clinical Penodontology 
9, 66-74 
Syed, S A & Loesche, WJ (1972) Survival of human dental plaque flora in 
various transport media Applied Microbiology 24, 35-37 
Van Oosten, M A C , Mikx, F H M & Renggh, H H (1987) Microbial and clinical 
measurements of periodontal pockets during sequential periods of non-treat­
ment, mechanical debridement and metronidazole therapy Journal of Clinical 
Penodontology 14,197-204 
Wennstrom, J L , Dahlén, G , Grondahl, К & Heijl, L (1987) Periodic subgingival 
antimicrobial irrigation of periodontal pockets II Microbiological and radiograp-
hical observations Journal of Clinical Penodontology 14, 573-580 
67 
68 
VII SUMMARY 
The investigations described in this thesis were aimed at the improvement of 
periodontal treatment and a further reduction of the subgingival microflora 
through application of antimicrobials in periodontal pockets. 
In chapter I a general introduction is given on periodontitis and its treatment. 
Periodontal treatment is aimed at the resolution of the inflammation through the 
elimination of the subgingival plaque. It is generally accepted that debridement 
with handinstruments reduces the subgingival plaque and changes the compo-
sition of the subgingival microflora. Debridement of pockets with hand instru-
ment requiers considerable effort and is time consuming. The use of ultrasonic 
instruments was hoped to be an improvement. The effect of ultrasonic instru-
mentation on the subgingival microflora appeared to be unknown. 
In the search for an improvement in the treatment of periodontitis antimicrobial 
agents have been studied both in combination with and without mechanical 
debridement. Previous studies showed that application of antimicrobials in 
periodontal pockets has only a limited and transient effect on the subgingival 
microflora. Antimicrobial agents will inhibit the growth or kill bacteria when 
they are in contact with the bacteria using an adequate concentration and when 
present for a sufficient period of time. Inhibitory and bactericidal concentrations 
of different antimicrobial agents for many oral bacteria have been estimated in 
standard tests. In order to find an adequate concentration for local application 
the bactericidal activity of antibacterial drugs especially using short contact times 
has to be determined in vitro as well as in vivo. Moreover the time a drug 
remains in the pocket after local application has to be clarified in order to 
determine an adequate application scheme. 
Chapter II deals with the effect of subgingival debridement with hand or 
ultrasonic instruments on the subgingival microflora. Hand and ultrasonic 
treatments of periodontal pockets appeared to be equally effective in reducing 
pocket depths and bleeding scores. The analysis of microscopical and cultural 
data did not show any difference between hand and ultrasonic treatment. Both 
treatments reduced the microscopical counts of spirochetes and motile rods and 
reduced the total colony forming units and the number of black pigmented 
Bacteroides and Capnocytophaga, resulting in a subgingival microbiota consis-
tent with periodontal health. As a result of simplicity and generally shorter 
instrumentation time, in subgingival debridement preference could be given to 
ultrasonic instrumentation. 
Chapter III describes an in vitro study of the inhibitory and bactericidal concen-
trations in serum of chlorhexidine-digluconate, amine fluoride gel and stannous 
fluoride gel for Bacteroides gingivalis, Bacteroides intermedins, Fusobacterium 
nucleatum, Actinobacillus actinomycetemcomitans and Capnocytophaga sputi-
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gena. The bactericidal concentrations were determined in serum using short 
contact times, since it was expected that drugs applied in a pocket will be 
diluted and inactivated by the crevicular fluid. The minimal bactericidal concen-
tration in serum of the tested species after a contact time of 10 minutes was 0.5 % 
for Chlorhexidine digluconate and 10 % for amine fluoride gel (Elmex" contai-
ning 1.25 % fluoride ). A concentration of 20 % stannous fluoride gel (Floran" 
containing 10 % stannous fluoride) in serum was bactericidal for the tested 
species after a contact time of 10 minutes with exception of F.nucleatum. 
In chapter IV the clearance of a topically applied gel from periodontal pockets 
was investigated. After application of a fluorescein gel in pockets of 5-9 mm, 
samples were taken at 5, 10, 20 and 40 minutes. In the first phase, directly after 
application, most of the gel disappeared while in a second phase the gel was 
washed out with a 50 % reduction time of 12.5 minutes. The rapid clearance after 
application might partly explain the minor effect of pocket irrigation with 
antimicrobial drugs on the subgingival microflora. 
Chapter V describes an in vivo study of the bactericidal activity of 2 % Chlorhexi-
dine gel, 4 % stannous fluoride gel and amine fluoride gel containing 1,25 % 
fluoride tested in periodontal pockets. The antimicrobial gels as well as a 
placebo gel were applied in the pockets 3 times within 10 minutes. Before and 
30 minutes after the application, samples were taken of the subgingival microflo-
ra for determination of the total number of bacteria and number of black 
pigmented Bacteroides. The reduction of the total number of bacteria found in 
the pockets 30 minutes after treatment with Chlorhexidine gel or stannous 
fluoride gel were significantly different from the reduction found in pockets 
treated with a placebo gel. A significant reduction of black pigmented Bacteroi-
des was found after treatment with Chlorhexidine gel or amine fluoride gel. It 
was concluded that local application of 2 % Chlorhexidine gel or 4 % stannous 
fluoride gel has a more than 99 % reduction effect on the microflora of perio-
dontal pockets. The reduction of the subgingival microflora by local application 
of antimicrobials might be of value in the recall phase of periodontally treated 
patients. 
In chapter VI the clinical and microbiological long term effect of antibacterial 
gels additionally applied in periodontal pockets of 5-9 mm after scaling and root 
planing was studied. The gels were applied 3 times within 10 minutes after 
mechanical debridement of the pockets. Examinations were carried out before 
and during a period of 36 weeks after treatment. Following treatment, bleeding 
scores and probing pocket depths were significantly reduced. Concomitantly the 
percentages of spirochetes and motile rods decreased significantly. A significant 
decrease was also found of the total anaerobic count, whereas the facultative 
counts remained at the same level as before treatment. The percentage Gram 
negative rods showed a significant reduction after treatment but returned to base 
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line at week 12 Statistical analysis of the bacteriological and clinical examina-
tions failed to demonstrate any significant differences between the 4 treatment 
groups Thus, in comparison with the placebo gel, topical imgation with 
Chlorhexidine gel 2 %, amine fluoride gel 1 25 % or stannous fluoride gel 4 % did 
not augment the effect of mechanical debridement on bacteriological and 
clinical parameters Mechanical debridement and additional irrigation of the 
pockets by the application of antibacterial gels resulted in a change of the 
subgingival microflora from predominantly anaerobic to a facultative anaerobic 
microflora which was compatible with the host during the experimental period 
The investigations described in this thesis show that mechanical debridement of 
periodontal pockets by ultrasonic or hand instruments reduces the amount of 
subgingival bacteria and changes the composition of the subgingival microflora 
Ultrasonic instrumentation has the advantage of simplicity and in general a 
shorter instrumentation time The m vitro bactericidal concentrations of Chlor-
hexidine, amine fluoride and stannous fluoride in serum at short contact times 
were estimated An m vivo antibacterial effect was found in periodontal pockets 
after application of Chlorhexidine gel 2 % and stannous fluoride gel 4 % The 
application of antimicrobials might be of value in the recall phase of penodon-
tally treated patients However, improvement of the mechanical periodontal 
therapy by local application of Chlorhexidine gel 2 %, stannous fluoride gel 4 % 
or amine fluoride gel containing 1,25 % fluoride was not observed 
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SAMENVATTING 
Het doel van de in dit proefschrift beschreven onderzoeken was de verbetering 
van de parodontale behandeling en reductie van de subgingivale microflora met 
behulp van applicatie van antibacteriele stoffen in parodontale pockets 
In hoofdstuk I wordt een algemene inleiding gegeven over het ontstaan en 
behandeling van parodontitis Het doel van de parodontale behandeling is het 
elimineren van de ontsteking door de verwijdering van de subgingivale plaque 
Algemeen wordt aangenomen dat reiniging van de pocket met handinstrumen-
ten de subgingivale plaque reduceert en de samenstelling van de subgingivale 
microflora verandert Reiniging van pockets met handinstrumenten is inspan-
nend en tijdrovend Een verbetering werd verwacht van het gebauk van ultraso-
ne instrumenten bij de subgmgivale reiniging Echter het effect van ultrasone 
instrumentatie op de subgingivale microflora was niet bekend 
Bij het zoeken naar een verbetering van de behandeling van parodontale 
ziekten werden antibacteriele stoffen bestudeerd, al dan niet in combinatie met 
mechanische reiniging Eerdere studies lieten zien dat applicatie van antibacte-
riele stoffen in parodontale pockets slechts een beperkt en voorbijgaand effect 
heeft op de subgingivale microflora Antibacteriele stoffen remmen de groei of 
doden bacteriën wanneer ze in contact zijn met de bacteriën in een adequate 
concentratie gedurende een toereikende tijdspenode 
Teneinde een adequate concentratie te vinden voor lokale applicatie dient de 
bactencide aktiviteit van antibactenele stoffen te worden bepaald m vitro zowel 
als ш mvo, in het bijzonder bij korte contacttijden Bovendien moet de tijd 
worden bepaald dat een stof in de pocket blijft na lokale applicatie teneinde een 
adequaat applicatieschema op te stellen 
Hoofdstuk II beschrijft het onderzoek naar het effekt van subgingivale reiniging 
met hand of ultrasone instrumenten op de subgmgivale microflora Hand en 
ultrasone behandeling van parodontale pockets bleken gelijk effeküef in het 
reduceren van pocketdiepten en bloedingsscores De analyse van gegevens 
verkregen met behulp van microscopisch onderzoek en kweek van subgmgivale 
plakmonsters toonde geen verschillen tussen hand en ultrasone behandeling 
Beide behandelingen reduceerden de aantallen spirocheten en beweeglijke 
staven en reduceerden het totaal aantal kweekbare bacteriën evenals het aantal 
zwart gepigmenteerde Bacteroideb en Capnocytophaga in de pockets Na de 
behandelingen werd een subgmgivale microflora aangetroffen die ook wordt 
gevonden bij een gezond parodontium Door de eenvoud en in het algemeen 
een kortere instrumentatietijd zou bij de subgmgivale reiniging de voorkeur 
gegeven kunnen worden aan ultrasone instrumentatie 
Hoofdstuk III beschrijft een studie in vitro naar de remmende en bactericide 
concentraties in serum van chloorhexidine-digluconaat, aminfluoride gel en 
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tinfluoride gel voor Bacteroides gingivalis, Bacteroides intermedins, Fusobacte-
rium nucleatum, Actinobacillus actinomycetemcomitans en Capnocytophaga 
sputigena. De bactericide concentraties werden bepaald in serum omdat werd 
verwacht dat stoffen die in pockets worden geappliceerd verdund en geïnacti-
veerd zullen worden door de creviculaire vloeistof. Voor de geteste bacterie-
soorten was de minimale bactericide concentratie in serum na een contacttijd 
van 10 minuten 0.5 % voor chloorhexidine-digluconaat en 10 % voor aminfluori-
de gel (Elmex" bevattende 1,25 % fluoride). Een concentratie van 20 % tinfluori-
de gel (Floran" bevattende 10 % tinfluoride) in serum was bactericide na een 
contacitijd van 10 minuten voor de geteste bacteriesoorten met uitzondering van 
F.nucleatum. 
In hoofdstuk IV wordt het onderzoek naar het verdwijnen van een lokaal 
geappliceerde gel uit parodontale pockets beschreven. Na applicatie van een 
fluoresceïne gel in 5 tot en met 9 mm diepe pockets werden monsters genomen 
na 5, 10, 20 en 40 minuten. In de eerste fase, direct na applicatie, verdween de 
grootste hoeveelheid van de gel terwijl in een tweede fase de gel werd uitgewas-
sen met een halfwaarde tijd van 12,5 minuut. Het snelle verdwijnen van de gel 
na applicatie zou gedeeltelijk het geringe effect van pocketirrigatie met antimi-
crobiële stoffen op de subgingivale microflora kunnen verklaren. 
Hoofdstuk V beschrijft een in vivo studie van de bactericide activiteit van 2 % 
chloorhexidine gel, 4 % tinfluoride gel en aminfluoride gel bevattende 1,25 % 
fluoride, getest in 5 tot en met 9 mm diepe parodontale pockets. De antimicro-
biële gels alsmede een placebo gel werden 3 keer binnen 10 minuten geappli-
ceerd. Direkt vóór en 30 minuten ná de applicaties werden monsters genomen 
van de subgingivale microflora voor de bepaling van het totaal aantal bacteriën 
en het aantal zwart gepigmenteerde Bacteroides. De reductie van het totale 
aantal bacteriën gevonden in de pockets 30 minuten na applicatie van chloor-
hexidine gel of tinfluoride gel waren significant verschillend van de reductie die 
gevonden werd in pockets waarin een placebo gel werd geappliceerd. Een 
significante reductie van zwart gepigmenteerde Bacteroides werd gevonden na 
applicatie van chloorhexidine gel of aminfluoride gel. Geconcludeerd werd dat 
lokale applicatie van 2 % chloorhexidine gel of 4 % tinfluoride gel meer dan 99 % 
van de microflora van parodontale pockets reduceert. De reductie van de 
subgingivale microflora door lokale applicatie van antibacteriële stoffen zou van 
waarde kunnen zijn in de nazorgfase van parodontaal behandelde patiënten. 
In hoofdstuk VI werd het klinische en microbiologische lange termijn effekt 
bestudeerd van antibacteriële gels geappliceerd in 7 tot en met 9 mm diepe 
parodontale pockets na scaling en rootplaning. De gels werden 3 keer binnen 10 
minuten geappliceerd na mechanische reiniging van de pockets. Metingen 
werden uitgevoerd direkt vóór en gedurende een periode van 36 weken ná 
behandeling. De bloedingsscores en pocketsondeerdiepten waren signifikant 
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gereduceerd na behandeling De percentages spirocheten en beweeglijk staven 
namen eveneens signifikant af Een signifikante afname werd ook gevonden 
voor het totale aantal anaëroob gekweekte bactenen, terwijl het aantal faculta-
tieve bacteriën op hetzelfde niveau bleef als voor de behandeling Het percenta-
ge Gram negatieve staven toonde een signifikante reduktie na behandeling, 
maar keerde na 12 weken terug naar de aanvangswaarden Statische analyse van 
de bacteriologische en klinische waarnemingen toonden geen signifikante 
verschillen tussen de 4 behandelingsgroepen In vergelijking met de placebo gel 
werd het bacteriologische en klinische effekt van mechanische reiniging niet 
verbeterd door de lokale applikatie van chloorhexidine gel 2 %, aminfluonde gel 
bevattende 1,25 % fluoride of tinfluoride gel 4 % Mechanische reiniging en 
additionele applicatie van antibactencle gels resulteerde in een verandering van 
de subgingivale microflora van een voornamelijk anaerobe naar een facultatief 
anaerobe microflora die compatibel was met de gastheer gedurende de onder-
zoeksperiode 
Het onderzoek beschreven in dit proefschrift Uxjnl aan, dat mechanische 
reiniging van parodontale pockets door ultrasone of handinstrumenten het 
aantal subgingivale bacteriën reduceert en de samenstelling van de subgingivale 
microflora verandert Ultrasone instrumentatie heeft als voordeel de eenvoud 
van instrumentatie en in het algemeen een kortere instrumentatietijd De in vitro 
bactencide concentraties van chloorhexidine, aminfluonde en tinfluonde in 
serum bij korte contacttijd werden bepaald Een antibaclcneel effekt m vwo 
werd gevonden in parodontale pockets na applikatie van chloorhexidine gel 2 % 
en tinfluoride gel 4 % De applikatie van antimicrobiele stoffen zou van waarde 
kunnen zijn in de nazorgfase van parodontaal behandelde patiënten Echter, een 
verbetering van de mechanische parodontale therapie door lokale applikatie 
van 2 % chloorhexidine gel, 4 % tinfluoride gel of aminfluonde gel bevattende 
1,25 % fluoride werd met gevonden 
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APPENDIX 
COMPUTER SIMULATION IN THE ESTIMATION OF THE ERRORS 
IN THE OVERALL DESCRIPTION OF THE SUNGINGIVAL MI­
CROFLORA.* 
M A van 't Hof, F H M Mikx, Ρ J M Oosterwaal 
ABSTRACT 
Computer simulations were earned out in order to estimate the errors involved 
m the overall description of the subgingival microflora In samples, dominated 
by anaerobic bacteria the errors in the proportions of anaerobic and facultative 
anaerobic bacteria were reasonable small and the measurement procedure was 
found unbiased Other samples gave biased estimates with unacceptable large 
errors It is concluded that with the procedure of aselect picking colonies of 
anaerobically and facultatively incubated plates the overall description of the 
cultivable flora has to be restricted to the facultative and anaerobic grown 
bacteria 
INTRODUCTION 
The composition of the microflora in dental plaque at healthy sites is different 
from sites with gingivitis and periodontitis At healthy sites the majority of the 
plaque bacteria are facultative anaerobes, while in sites with gingivitis or 
periodontitis the anaerobic bacteria are dominant In debrided and healthy 
pockets the facultative bacteria predominate while m periodontal pockets 
anaerobic Gram negative rods can form together with the Gram positive rods 
more than 80 % of the bacterial flora12 * 
For the estimation of these proportions the subgingival plaque has to be cultiva­
ted In periodontology, subgingival plaque samples are mainly anaerobically 
cultivated in isolators in a N2, C02, H2 atmosphere The proportions of anaerobic 
and facultative anaerobic bacteria are estimated by isolation and further charac­
terization of a small number (30-50) randomly picked colonies of an anaerobi­
cally incubated non selective plate In other studies the samples are cultured 
anaerobically as well as on metronidazole plates or in C0 2 or candle jars" The 
obligate anaerobes are sometimes determined by substracting the facultative 
bacterial numbers from the numbers found on the anaerobic incubated plates 
However, there is some suspicion that in the estimation procedure chance plays 
such an important role that the composition of the obligate anaerobic flora is 
estimated with an unacceptable great error 
* Submitted to Microbial Ecology in Health and Disease 
In order to estimate the error involved in the indicated procedures computer 
simulations were carried out. 
METHODS AND MEASUREMENT ERRORS 
In the estimation of the general composition of subgingival plaque the following 
steps can be indicated. The sample is dispersed. This suspension is diluted in 10 
fold steps in transport fluid and from every dilution an aliquot is spread over 
two, non-selective plates. The anaerobic plate is incubated in C02, N2 and H¿ 
atmosphere and the other plate is incubated in air with additional C02. After 
incubation the colonies are counted. The total count is obtained using the 
corresponding dilution of the anaerobic incubated plate. From the C02 plates 
and anaerobic plates 30 colonies are randomly picked, stained and classified 
according to Gram stain and shape. The anaerobic plates show the colonies of 
anaerobes and facultative anaerobes. The CO, plates show the colonies of 
facultative anaerobes. Substracting the counts of the C02 plates from the counts 
of the anaerobic plates gives the number of strict anaerobic bacteria. The 
method of calculation of the composition of the anaerobic flora is presented in 
Table 1. 
Considering the measurement procedure the following sources of errors may be 
distinguished. 
a. Random errors in the Gram counts (t, and f,) follow the multinomial distribu-
tion. 
b. Errors in the absolute bacterial counts (T and F) are due to the dilution 
procedure and random fluctuations in the plaque sample. These fluctuations 
are dominated by the Poisson distribution in which the variance equals the 
expectation. In practice the error in the counts may be larger then the 
Poisson error. Due to the uncertainty of this error, a special reproducability 
study was devoted to this topic. 
с Under unfavourable circumstances the difference T-F may be negative. This 
implies that the composition of the anaerobic flora cannot be estimated. 
Such a problem may also occur for one of the bacterial types (i), when T, -F, 
is negative. The number of anaerobic bacteria of this type must be low and is 
set to zero. 
A direct calculation of the measurement errors in the proportions of the anaero­
be flora is hampered, due to the occurence of negative numbers for the differen­
ces T-F. For this reason the errors were estimated by computer simulation. 
In the reproducibility study of the colony counts, plaque samples of 6 different 
pockets were dispersed and diluted by a factor 104 in RTF. From each dilution 3 
samples of 0.1 ml were spread over blood agar plates and incubated anearobi-
cally. The colonies were counted after 7 days. 
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Table 1. Method of calculation of the anaerobic flora by the Gram stain of 30 
colonies of an anaerobic incubated plate and 30 colonies of a faculta­
tive (СОг) incubated plate. 
ANAEROBIC PLATE' FACULTATIVE PLATE2 ANAEROBIC FLORA' 
Bacterial Gram propor- abso- Gram propor- abso- abso- propor-
type count tion lute count tion lute lute tion 
l . r o d - " tl* %T1 Tl fl* %F1 Fl Al %A1 
2. сое • t2· %T2 T2 f2· %F2 F2 A2 %A2 
3. rod+ 13* %T3 T3 f3* %F3 F3 A3 %A3 
4. СОС+ t4· %T4 T4 f4· %F4 F4 A4 %A4 
Total 30 100 30 100 A=T-F 100 
•quantities, directly observed 
"Gram stain 
1
 %Ti = ti/0.3 
2
 %Fi = fi/0.3 
3
 Ai = Ti-Fi 
Ti = %Ti.T/100 
Fi = 0/oFi.F/100 
%Аі-Аі.100/А 
RESULTS 
The results of the reproducibility study of the colony counts are given in Table 2. 
The observed standard deviation is mostly larger than the expected standard 
deviation from the Poisson distribution. The pooled ratio: observed variance/ex­
pected variance = 6.28, which is significantly larger than 1 (X2 = 69.1, DF =11, 
P<0.001). This result includes an error in the colony counts of 2.5V"count, which 
rule entered in the simulation study. 
The computer simulations concentrated on two fictive plaque samples, ment to 
be representative for a cleaned pocket and a periodontitis pocket. The chosen 
composition of both specimens are given in Table 3. Starting from these compo­
sitions, the computer generated 100 measurements of the anaerobe flora, using 
the multinomial distribution in the Gram counts and the normal approximation 
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Table 2. Observations in the reproducibility study of colony counts of six 
subgingival plaque samples. 
Sample 
1. 
2. 
3. 
4. 
5. 
6. 
Triplicate Counts 
1 
131 
232 
140 
395 
362 
340 
2 
135 
195 
197 
443 
239 
322 
3 
109 
++ 
113 
483 
266 
331 
Mean 
X 
125 
213 
150 
440 
289 
331 
Expected 
SD* 
11.2 
14.6 
12.2 
21.0 
17.0 
18.2 
Observed 
SD 
14.0 
26.2 
42.9 
44.1 
64.6 
9.0 
'Expected SD = square root (mean) 
*
+
 not counted due to contamination 
Table 3- Fictive compositions of samples of a periodontitis pocket and a 
cleaned pocket as used in the computer simulation. 
Bacterial 
l . r o d 
2. coc 
3. rod 
4. coc 
type 
_ • 
-
+ 
+ 
Periodontitis 
facultatives 
1 0 % 
8 % 
4 0 % 
4 2 % 
pocket 
anaerobes 
7 5 % 
8 % 
9 % 
8 % 
Cleaned pock 
facultatives 
5 % 
8 % 
4 0 % 
4 7 % 
:et 
anaerobes 
2 % 
8 % 
4 5 % 
4 5 % 
Total numbers 
in sample 
10' 106 IO5 103 
'Gram stain 
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Table 4 Mean and standard deviations of the estimated proportions for the 
facultative and anaerobe flora according to the computer simulation 
Bacterial type Periodontitis pocket Cleaned pocket 
facultatives anaerobes facultatives anaerobes 
SD SD SD SD 
1 rod 
2 сое 
3 rod 
4 сое 
Number of 
estimates 
, 
-
+ 
+ 
possible 
10 ±6 
8 ± 5 
40 ±9 
42 ±9 
100 
75 ± 8 
8 ± 5 
9 ± 6 
8 ± 7 
100 
5 ± 4 
8 ± 5 
40 ±9 
47 ±9 
100 
9 ±14 
17 ± 
40 ± 
34 ± 
51 
22 
36 
34 
'Gram stain 
of the Poisson error (magnified by 2 5) for both total plate counts Over the 
obtained percentage of anaerobe bacterial types the standard deviations were 
calculated, indicating the measurement errors in the estimations of the proporti­
ons In addition the final number of estimates (i e the cases of a positive T,-F, 
value) was counted The results of the simulations are presented in Table 4 The 
simulations were also performed using the stnct Poisson error (Vcount) and 
giving about the same standard deviations as presented in Table 4 
CONCLUSION AND DISCUSSION 
The errors (Table 4) in the proportions of the bacteria in the periodontitis 
pockets and in the proportions of the facultative bacteria in the cleaned pockets 
are reasonable small, taking into account the large differences between the 
proportions of the flora The mean values in these situations are in very good 
agreement with the "true" values from Table 3 This implied that the measure­
ment procedure is unbiased 
However, the composition of the anaerobe flora in the cleaned pockets demon­
strated two shortcomings First the obtained values are not in concordance with 
the true values, due to the forced restriction to 51 situations, implying biased 
estimates Secondly the errors are unacceptable large, so that the measurement 
results are meaningless 
The fact that the simulated measurement results are not sensitive for errors in the 
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total counts (Τ and F) implies that the measurement procedures are dominated 
by the small number (30) of colonies Increasing the number of randomly picked 
colonies, will not be sufficient in obtaining a valid measurement procedure for 
the composition of the anaerobic flora, since negative values for T-F still remain 
As a consequence of this finding the overall composition of the obligate anaero­
bic flora cannot be estimated by the indicated procedure In studies of subgingi­
val microflora using only the colony counts of C0 2 and anaerobic incubated 
plates, the overall description of the cultivated microflora has to be restricted to 
the facultative flora and the total anaerobic (grown) flora, which includes the 
obligate anaerobes and facultative bacteria 
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